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III. Centers of Gravity. The Equilibrivm of 
Beams of Timber^ and their Forces and Di« 

RECTIONS. 

IV. TheJMECHANicAL Powers. . 

y. The comparative Strength of Timber, and 
its Stress. The Powers of Engines, their 
Motion, and Friction. 

VI. Hydrostatics and Pneumatics. ^itAX) 


■■ ■■ IWi^— ii*— WW— *» I III i^— ———<»— y——%«|»»» 


Da veniam fcriptisy quorum non gloria nobis 
cdufa^ fed utilitas officiumque^ fuii. 

Ovid de Ponto III. 


L O N D O Ns 

Printed for J: N o u r s e, in the Strand i 
BookfeUcr in Ordinary to his MAJESTY. 

MDCCLXIX- 


i 

* 






W ,M III! ■■ ■ I ■ ■ ' 


t A , ^ I r 1> ■ ■ I 


* • ^ 


.«•».» 


k * 


T H ^ 


P jR E F A G E, 

» 

plAV INP fop»tytar$ Ance written a largi h^ok 
^ pf ^(€kmc^9 whkb is f aid by Afc^- JRohinfon, 
fiini Qo. h PaiberrnQ(Ui:-RQw. / havt here gmm a 
- Jbort ahfir^ tf fji?af hffh ^^ if falls p^perJy info 
^Sjkisfmrjf\ 4»4 fifpemVyAS ib^t branch tif fcience^ 
\ M J^ fyfh ^tPtfi'^it uf( in ibe affairs of baman Hfi. 
^Idfi Mf H^ 4bf leqfi^ d^gn tbis to interfere mtb tbe 
7 J^ft^ h^Kbttngr^m «ff intrQduSion p .ir, as it 
^ fifpkinf J^vyil tbufgs in it mere at large i^ pariieu-^ 
^ larfy in tffe firfi feBiw^ 4s h4ng of uwuerfql extent 
H^ Hfe% mi l^mfe i» Jifveral vtb^r ^ts of tbe 
b^b^ ^^^^^y f¥cb 4s have keen ol^eSed toby igno^ 
r^t peters ^ J have alfo add^d fev^al things not 
.f/fe^ipnfd in ti^ other boak^ sobicb 'art mof^ fimpk 
md ifiS^ ^d mpre proper for learners. So . that thijf 
fibort treatife may be looked upon as an intt^odui^iou ta 
i/E^e other bo^i^ and ^fU dintbtkfs faciiitati iber^dd^ 
ing rf it. Js to the bigbfr and more deffiettlt matters^ 
fis fefv cflre t^ troubU tbeir beads about them, I have 
/aid little of tbfjfi bere^ being not fo proper for an in^ 
.tr^d^Sion. To mentim one or Imo things % I had 
tMk*9 a gr^at deal of pains to find out tbe. true form 
of a bridge^ that fhall he tbe ftrongeft^ and of a 
jbip that fhall fail the fafteft -, both upon principles 
that J know to be as certain and demonjlrative as tbe 
Elements of Euclid ; both tbefe you have in the other 
book* Buti as w^Jbave no occafton in England, for 
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the firoi^efi bridges^ or the fwifteft ftnps ; Matbe^ 
maticiansj for the future j moy find fometbing elfe to 
do^ than run into fucb perpUxt and ufelefs difquifi^ 
tions. For indeed when any of tbefe grand things 
are to he performed^ tbej generally faU into tbe bands 
of fucb people^ as know little of tbe nature of tbem. 
ibexftrbaps know iow to lay down uponpaper^ tbe 
plan of a deftgn^ hy rule and compafs^ and to do fe-- 
veral problems in prdSicaJ geometry ; and not much 
more. As if this was an adequate qualification^ for 
- eofidu^ihg^ fucb magnificent works^ as cofi many tbou^ 
fond pounds to execute. So tbat tbefe tbings^ inftead 
of being conftruiled by tbe rules of art*y tbey are too 
often done by fancy\^ wit bout any true rules. 
, But in ibis tbere is no great wonder^ considering 
bow few people -fiudy tbis art ; and among tbefe tbat 

• do^ bow few are competent judges. For even among 
ibofe tbat prefume to write about itj it is furprizing 
to fee wbat nUftakes tbe^ daily run into. One denies 
tbe compofition and refolution of forces ; anotber can^ 

^not be fati^ed with fom^ of the mecbanical powers^ 
not eien fo"" fimple a ibing as tbe wedge \ aU owing 
to tbe wtong notions tbey have imbibed. • And in con-- 
'fequence of tbiSj ' will be^ either condemning tbe art it-- 
xfelfy or. ariticifing on other writers^ .whom they do not 
iunderfi^nd: ^ 

Asia what I have written on this fubjeS ; / have 
,all along given tbe demonftrations of the feveral things 
:I have Jbandled ; and I expert that to be my teft^ as to 

• the truth or falfhood thereof. And by. this tefl I 
\ leave tkem to be tried by any judicious j bonefi reader \ 

who is a hver of truths and a promoter of faience. 

W. Emcrfon.. 
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M EC HAN I C S. 


DEFINITIONS; 

I. JKAECHAN ICS is a fcience, which treats 
of the forces, motions, velocities, and in 
general, of the actions of bodies upon one ano- 
ther* It teaches how to move any given weight 
with any given power-, how to contrive engines: to^ 
raife great weights, or to perform any kind of mb- 
tion. 

2. Body is the mafe qr quantity of ijiatter ; ^mlaf- 
tic body is that which yields to a ftroke, and reco- 
vers its figure again. But if not, 'tis called an »«- ' 
elaJHc bodyi 

3. Denfity is the proportion of the quantity of 
matter in any body, to the quantity ot matter in • 
another body of the fame bignefs. 1 

4. Force is a power exerted on a body to move 
it- If it ad inftantaneoufly, 'tis called Percuffion^ 
or impul/e. If conftantly, 'tis an accelerative force. 

5. Velocity is a property of motion, by which a * 
body paffes oyer a certain,^ fpaccinx a certain tifne. 
And is greate;- or ieffer, as it paffes over a greater 
orlefler fpace in a certain time as fuppofe a fecond, 

6. Motion is a continual and fucceffive change of 
place. If the body moves equally, 'tis called ^y««- 
ble or uniform motion^ If it increafes^ or deereafes, • 
'tis called accelerated or retarded motion. When it 
is compared with fome body at reft, 'tis called aifo- 
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i DEFINITIONS. 

lute nation* But when compared with others in 
motion^ it is called relative motion, 

7* Direffion of motion is the courfe-or way the 
body tends, or the line it moyes in. 

8. ^antity of motion, is the motion a body has, 
conikjercd^ both in reg"ard to its, velocity apd quan- 
tity of matter. This is alfo cdled- the Momentum 
of a body, 

9. Vis inet^tue^ is the innate force of matter, by 
which it refills any change, ftriving to preferve its 
prefent ftate. of r^ or mqtipQ. \ 

10. Gravity is that force wherewith a body en- 
^^vcyurs to £^ downwards^ It fsxa&ed aj^olute 
gravity ir^. empty fpace ; and reiatikfe gravity when 
immeried in. a fluid. 

IT. Specific gravity., is the greater or l^fier -weight 
of bodies of the fame magnitude) or die prc^KHtion 
between their weights. This prooeedji fromdi^ na- 
tural denfity of bodies. 

12. Center of gravity^ is a certain point crf^a 
body; upofi which, the body when fufpended, 
will, reil in any portion. 

13. Center of motion^ is a fixed point about 
w^ch a body nioves. And thp aicis of ' motion is. a 
fixed line it moves about. . 

14^ Power and weight , when oppofe^ to one 
aQpthert fignify the. body that moves another, and 
the other which is . moved. The body which be- 
giDS and communicates mqtion is the^te^^; and- 
that which receives the motion, is the weight. 

15. J^quiUirium \^ xht balance of two or more 
forces, fo, as to remain at reft, 

16. Machine or Engine, is any inftrument to 
xnove bodies, made of levers, wheels, pullies, &•€. 

.17. Mechanic powers, are the. ballance, lever, 
whcjcl, puUeyt, fcrew and wedge. 

.1%: Strefs is the eflfeft' any force has to break- 
a beaoiy or any other bpdy i and ftrength is the 

refiftance 
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a^^cc it is able tb ihake againfl: any- Sfiumng 

xorcc« ' •■. * - • ' * . • K 

, t^^l Fn^on isi the xsfillande wfi^h a- niiacbine 

fiifiers; bjr the pasts; rubbkig agaii^ cmc another. : 
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I : Thjit tf firtall p*t cf th^ furfafce of ;tHe:earth 
may be looked upon as a plane, for thci' the earth * 
Ijfe roi^i ydt flich aiindl part pf it an. We' have 
any occaiion to cbnfider, does not fenfibly differ, 
frotoarphwe. . , ,. ^ . 

a. THa^ heaiF7tbodte^.defcendlb libes^paratlleltQ' 
oft^;^ibth*n For iho'/thcy all tend .to a poihC 
which is the center of the earth, yet tbit center, is" 
at iifohadiftioicethat thefe lines differ itffenfibly 
from ptasillcMkies. , . ^ 

.3.: The £imc body i$ of. the fame weight in all 
plates on pr nSar the eartfcs furfacc,. For tfe' dif- 
ference is not fenfible. in the? feveral places we cari' 

goto. .. ^ . : : 

4'^ ^Cte>^ all mitter is^Toilgh, a6d all eflgintes 5m^: 
perfeft-, yet for the cafe xrif calculati6h> we .muill 
fuppofe/aff planes pcrfcftly even';. ^I ^bodies 
perfc^ly fniooth ; . and alF bodies and. machines t^. 
moVe without friftlori or refiftarice ; aH liaes ftreight * 
and inflexible, without' weight or thicfcnefe; cohds' 
extremely pliable, ' arid fo on. 

AXIOMS. 

1. Every? body endeavours to remaJft in its pre- 
fent ftate, whether it be at reft, or moving uni- 
formly in a right line. 

2. The alteration of motion by any external 
force is always proportional to that force, and in 
diredrion of the right line in which the force afts. 

. 3. A&i6n and re-aftion, between any two bodies, 
are equal and contrary. 
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j^ AXIOMS. 

4. The tnotion of any body is made up of the 
fum of the motions of all the parts. 

5. The .weights of all bodies in the fame place,' 
are proportional to the quantities of matter they 
contain, without any regard to their figure. 

6. The vis inertia of any ix>dy , is proportional 
to the quantity of matter. 

7. Every body will delcend to the loweft place 
it can get to. 

8. Whatever. fuftains a heavy body, bears all 
the weight of it. 

* 9. Two equal forces aAing againft one another 
in contrary diredions; deftroy one anothers ef- 
fects. And unequal forces zGt only with the dif* 
ference of them. . » 

10. When a body is kept in equilibrio 5 the con- 
trary forces in any line of direction are equal. 

11. If a certain force generate any motion ; an 
equal force afting in a contrary direftion, will de- 
ftroy as niuch motion in the fame time. 

12. If a body be afted on by any power in a 
giv^n direftion. It is all one in what point of that 
line of dire6):ion, the power is applied. 

19. If a body is drawn by a rope, all the parts 

of tJhe rope are equally ftretched. And the force 

in any part a6ts in direction of that part. And it 

us the lame thing whether the rope is drawn out 

at length, or goes over feveral pullies. 

14. If feveral forces at one end of a lever, a£t ^ 
againil feveral forces at the other end ; the lever 
afts and is afted on in diredion of its length. 
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P R O P. I. 

CJ^HE quantities of matter in all bodies ^ are in the 
compound ratio of their magnitudes and denfities. 

For (Dcf. 3.) i^ bodies of the- feme magnitudes', 
the quantities of matter will be as the denfities. 
Increafe the magnitude in any ratio, and the quan* 
tity of matter is increafed in the fame ratio. Cpn- 
fequentty the quantity of matter is in the com- 
pound ratio of the denfity and magnitude^ 

Cor. I . In two Jimilar hodies^ the quantities of 
matter are as the denjtties^ and cubes of tbe^ diameters. 

For tlie magnitudes jof bodies are as the cubes ' 
of the diameters. 

Cor. %. The quantities of matter are as the mag- 
nitudes and fpecifc gravities. 

For (by Pef. 3. and ii.) the denfities of bodies 
are as their fpecific gravities.. 

PRO P. II. 

The quantities of motion in all moving bodies, are 
in the compound ratio of the quantities of matter and 
she velocities: 

For if the velocities be equal, the quantities of 
motion will manifeftly be as the quantities of mat^ 
ter. Increafe the velocity in any ratio, and the 
quantity of motion will oe increafed iu the fame 
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€ GENERAL LAWS 

ratio. Therefore it follows . univcrfally, that the 
quantities of niption ^ i^ thr coflipound ratio of 
the velocities and quantities of matter. 

Cof. flfffif*/ the hdg Jie^H fmf* tkf mfm is 

as the velocity,. And if the velocity be the fame, the 
mott«n is as -the ioif or quantity of matter: " " 

PROP. III. 

J^ alll>o4i(s ^OSfi^ ffgiformlyy t^^ fi^Cfn ^<ribeiy 
are tn'the compound ratio ef the velocities and the times 
tftjfw: ^piim. 

. - ■ 

Jar in aay njipying body, the greatpr the v^q^r 
t^; pe greajter is t^e fpac? c^efcribqd •, x\i2t% is, fbf 
Jpkc? ^jjl ht as the velocity. An4 ^n Vfi'iQ^ ftr 
tnrice "the time, &c. the fpace ^iU l?e Ryicp W 
thrice as great; that is, the fpace will be increafca 
is prbportiqn to the time. Therefore' uiiiverially 
the fpacpe is in the compound ratio of the velocity, 
8Ad ^e time of defcription. 

Cor. I. The ttme of defcribing any fpace^ is as the 
Jjbacc direSfy and wlocity reciprocaUy ; &ras the fpace 
divided by the velocity. And if the vekcity be the 
fame^ the time is as the ffdce. And if the fpace be 
the fame^ the time is reciprocally as thj^ velocity. ^ 

Cor. 2. The velocity of a moving body^ is as the 
fpace direlllyy and time reciprocally ; or as the fpace 
divided by the time. And if the time be the fime^ 
the velocity is as the fpaci defiribed. And If tkH 
fpace be the fame^ the velocity is reciprocally as. tM 
iime of defcription. 
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The motten pnernttd fxy any mimentary fiircBj or 
hy t? Jingk in^uifry is as the f&rce that generates it* 

4 

For if any force generates any quantity of mo- 
tion ; double ;the force will produce double the 
motion ; and treble the fo'fce, treble the motion, 
and fo on. Jf a body ftriking another, gives it any 
motion, twice that body flrikmg the fame, with the 
lame velocity, will give it twice the motion, and (q 
the motion generated in the other will be as the 
forcp of percuffion. 

Cor. I . Hence the forces are in the cohpound rdtib 
ef the vehcities and qudntiiies of matter. 

For (Prop. IL) the motions are as the quantii 
ties of matter multiplied by the velocities. 

Cor. 2. Th velocity geHer'atedj is as the force ^ 
reSlfyy and quantity of matter reciprdeatfy. There- 
fore if the bodies are equals the velocities are as thi 
forces. And if the forces are equals the velocities are 
reciprocally as the bodies. 

Cor. 3. The quantity of matter^ is as this force di-' 
reltfyj and velocity reciprocally. And therefore if the 
ilehcTtres be equal j the bodies are as the forces. And 
if the forces be equals the bodies are reciprocal^ as 
the vehcities. 

P R O P. V, 

The quantity of motion g£neratedy bjf a cokftant ofid 
uniform force^ is in the compound ratio of the force 
and time of 4&ing. 

For the motioii gfcneratfed in^riy givtn time Vjill 
be proportional to thfe force that generates it|- 
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and in twice that time, the motion will be double 
by the fame force ; apd in thrice that time it will 
be treble ; and fo every part of time adds a new - 
•quantity of motion equal to the firft ; and there- 
fore the whole motion, will be as the force,' and 
the whole time of afting. 

Cor. I. ^be motion lojl in any time^ is in the com- 
pound ratio of the force and time. 

Cor. 2. ^he velocity generated (or deflroyed) in 
any time^ is as the force and time direSily^ and quan- 
tity of matter reciprocally. The fame is true of the 
increafe or decreafe of velocity. 

For the motion, that is (Propv II.) the body mul- 
tiplied by/ the velocity, is as the force and time. 
And therefore the velocity is as the force and time 
diredtly, and the body reciprocally. 

Cor. 3. Hence if the force he as the quantity of 
metier ^ the velocity is as the time. Or if the force 
and quantity of matter be given j the velocity is as the 
time. ^ ' 

' And if the time and quantity of matter he giveni 
the velocity is as the force. 

And if the force and time be given^ the: velocity is 

reciprocally as the matter. 

\ 
Cor. 4. The time is as the quantity of matter and 

velocity direMy^ and the force reciprocally. Therefor ey 
If the force and velocity be given, the time is ^s 

the quantity of matter^. . 

Jf the quantity of matter and velocity be given^ 

the time is recipi-ocally as the force. 

Cor. 5. The force is as the quantity of matter and 
velocity direSly^ and the time reciprocally. Whence, 

If the velocity is' at the time^ or if the velocity and 
time hegiven^ then the force is as the quantity of matter, 

And 
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' And if the velocity and quantify' ff matter tegiven^ 
the force is reciprocal^ as the time. - ; 

Cor. 6. 'the quantity of matter is as the-, force and 
time direSfyj and the velocity reciprocally. Tberer 
fore^ if the force and time be given^ the quantify ofmdt^ 
ter is reciprocally as the velocity. 

• . * 

Cor. 7. Hence alfo'if the body be given^ the velor 
city is in the compound ratio qf th force and time. 

And if the force be-giveny the fime is in the corny 
pound ratio of the matter and velocity^ or as the 
quantity of motion. . . 

PR O P. VI. ^ 

If a given body is urged by a conjiant and uniform 
force •, the fpace defcribed by the body from the be- 
ginning of the motion^ will be as the force and f quart 
of the time. 

^ - » 

Suppofe the time divided into an infinite num- 
ber of equal parts or moments. Then in each of 
thefe moments of time, the fpace defcribed (Prop* 
111. Cor. 2.) will be as the velocity gained ; that is^ 
(by Cor. 7. Prop. V.) as the force and time froni 
the beginning. And the fum of all the fpaccs, 
orthe whole fpace defcribed, will be as the force 
•and the fum of all the moments of time from the be- 
ginning. Therefore put / =: the whole time, and 
the whole fpace defcribed will be as the force ancj 
fum of the times i, 2, 3, 4, &c. to /. But the 
fum of ther.arithmetic progreffion i +2 +3-1-4 

/ + I 

. . . to / =: X / r: T ^^ becaufe / is infinite 

2 

or confifts of an infinite number of nfoments. There- 
fore the whole fpacie defcribed will be as the force 
and \: tt ; that is, (becaufe 4. is a given quantity), 
as the force arid the fquare of the time of dcfcription* 

Cor, 
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Cor. X. Jf.a body is -smfilUd iy ^ toiiftMt and 
uniform force v (hi Jpa^ d^fmUifrom the hginni^ 
of the motion^ is as the velocity gained^ and the time 
i^.moving. 

EoT the Q>ace ii as the force and fqtiane of tfat 
4iakCy Of as the ibi^^e X tfme X time. But (Co^. 7. 
Prop. V.) the force X.time is as the velotcitf ^ 
therefore the fpace which is as the force X time X 
time, is as the velocity x time. 

Cor. a* If ahoiy urged fy any eonftant and uni- 
farm foreej defcfjhes afiy fpace 5 it will defer ibe twee 
that fpace in the fame time^ hy the velocity acquired. 

For the fum of i^ll the (paces defcribed by that 
force, I +2+3 &c. to /, was Ihewn to be ^ tt. 
Ih^t t^ fum of all the Ipaces defcribed by the laft 
wlociiy^ will be / + / + / &c. to / terms/ whofe 
fym is tt. But // is double to J^ tt\ that is, th^ 
ipace ddfcribed by the laft velocity, is double the 
Ipace defcribed by the accelerating force. 

Cor. 3. Univerfally in all bodies urged, hy any con^ 
fiant and uniform forces \ the fpace defcribed is as the 
force and fquare of the time direSlly^ and the fuanti^ 
ty of flatter reciprocally. 

For (Cor. i») the fpace is as the time and ve- 
locity. But (Prop. V. Cor. 2.) the velocity is uni- 
verfally as the force and time direftly, and quan-: 
tity of matter reciprocally. Therefore the {pace is 
9s the fquare of the time and the force direftly, and 
matter reciprocally ; whence, 

> 

Cor. 4. The froduEf of the force^ and fquare 6f 
tie Hmfy is as the produS of the body and fpace de^ 
fcribed 

Cl^P* 5. The produli of the force and timSj is ai 
the fffoduS of the quantity of matter and velocity. 
..F«r (Prop, V.} the produdtof the force and 

time^ 
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ame, is as the tfiocion ; that is, as the ^OP^y^A F\^ 
^velocity. \ 

Cor. 6. 7f)e frfidtt^ of t}>e ^odyj and fquart of 
the velocity ^ js fls th froduS ^ the f^ne andjhi • 
fpace dcfmhd. 

f\or (Cor. g.) the pro,dir£i: of the body and ve- 
locity, is ^ t^e force aud time. Therefore, the 
Kody X velocity fquarc, is as the force X time X 
velocity ; but time X velocit/ is as the Ipaee (bf 
fxQ^p. IM-) J t^CTf fpije body X vejocify iqi^are ^ as 
thefprce X jlpace. 

iScHOLIUM. 

• If jny (JVantJty Of q^gRtiycs a^^^^ 
be left out. And fuch quantities as are pfpppr- 
tional to each other muft be left out. For exam- 
ple, if the qjuanticy of imttfir fee aiw^y? the fj^iie ; 
?hen (Gor. 3.) the %acje defpriib(e4 is as the forc^ 
and fquace of t}ie tirpe. Aftd i{ the mat^r b^ 
proportional to the force, as all bodie$ 9X^ ia ref- 
peft to their gravity-, then (Gor. 6.) the fpacc de- 
fcribed is as the fquarc of the velocity. Or if the 
fpace defcribed be always pix)portiosial to the bo- 
dy i then (Cqr. 6.) the force is as the fquar^ of the 
velocity. Again,, if the body be given, then (Cor* 
4.) the fpace is as the force and fquare of the time. 
And if both the qyantity of ipatter and the force 
be given, the fpace defcribed is as the fquare of 
the titne. And fo of others, 

PR O P. VIT. 
If ABGD be d parallebgram ; and if ^ l(^ a/ ^^ 
Ay te aSed upon feparately by two forces^ in tie dt- 
reStions AB and AG, mbicb would caufe the bodv to 
he carried thro' the fpc^ces AS, AC in the fame ttme^ 
Tien both forces ^^i^g ^t once^ will caitfe the body tf 
te carried tbrxi' the diagonal AD af thepara^ehgrdtit^ 

l-jst ^% line AC be fupgo^d to picjv? pyaltel» 

itfelf; 
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i ig. itfclf 5 whilft the body at the feme time moves 
I . from A, along the line AC or 6gy and comes to d 
at the fame inftant, that AC comes to ig. Then 
fince the lines AB, AC, are defcribed in the fame 
time ; and A^, Ai, are alfo defcribed in the fame 
time. Therefore, as the motions are uniforni, it 
will be, Ab : bd : : AB : BD ; and therefore A^ 
is a ftreight line, coinciding with the diagonal of 
the parallelogram. 

Cor. I. The three forces in the dire ffions ABj AC^ 
AD, are reffeSively as the lines AB, AC, AD. 

Cor. 2. Anf Jingle force AD denoted hy the diago- 
nal of a parallelogram^ is equivalent to two for ces de- 
noted by theftdes AB, AC. 

Cor. 3. And therefore any Jingle force AD mayie 
refohed into twojorces^ an infinite number, of ways^ 
by drawing any two lines AB, BD, for their quanti-- 
ties and direSiions. 

Scholium. 

• This praftice of finding two forces equivalent to 
one, or dividing one force into two \ is called the 
eompo/ition and refolution of forces. 

.PROP. VIII. 

A* If three forces A, B, C, keep one another in equi-, 
Ubrio ; they will be proportional to three fides of a 
triangle^ drawn parallel to their ' feveral direSionSy 
DI, CI, CD. 

Produce AD to I, and BD to H, and compleat 

the parallelogram DICH ; then (Prop. VII.) the 

force in direftion DC, is equal to the forces PH, 

- DI, in the direftions DH, DI. Take away the 

force DC and putting the forces DH, DI equal 

thereto \ 
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thereto; and the equtlibrium. will ilill remain. Fig. 
Therefore (Ax. lo.) PI is equal to the force A op- 2. 
pofite to it ; and DH or CI equal to its oppofite 
fo;rce B. And as CD reprcfents. the force Ct, the. 
three forces A, B, . and C will be to one another as 
DI, CI, and CD. 

• Cor. I. Himce if three forces aliing againft one 
another i keep each other in equitibrio ; thefe forces] , 
will be refpeStively as the three Jides of a triangle 
drawn perpendicular to their tines cf direction i or " 
making any given angle with them^ on the fame fide. 
For this triangle will be fimilar to a triangle 

whole fides are parallel to the lines of direftion. 

...... 

Cor. 2. If three aUive forces A^ B, C 'keep' one 
another in equilibrio^ they will be refpeSliveh as the 
fines of the angles ^ which their lines of diremon pafs 
through. 

, For A, B, C are as DI, CI, CD ; that is, as 
S.DCI, S.CDI, and S.DIC. . ButS.DCI =: S,CDH 
= S.CDB. And S.CDI =: S CDA. Alfo S.DIC 
= S.BDI = S.BDA. 

Cor. 3. If ever fo many forces aSin^ agaiitjt one 
another^ are kept in equilibrio^ by thefe a£lions\ they 
may be all reduced to two equal and oppofite ones. . 

Forany two forces may, by compofition, be reduced 
to one force ading in the lame plane. . And this^ 
laft force, and any other, may Ijkewife be reduced 
to one force aft ing in the plane of thefe • arid fo 
on, till they all be reduced at laft to the aftioh of 
two equal and oppofite ones. 

PROP. IX. 

If a body impinges or aSs ag&inji any plain fur face \ j- 
it exerts its force in a line perpendicular to that furf ace. 

Let the body A moving in direftion AB, with a 
given velocity, impinge on the fmooth plain FG at 

the 
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^rtK6fR^tB. tliraw A€ pardfeU atid BC petpeiH 
3i dittiliu- to F(s % iUid' let AB re|>ftfem: the fijnte of 
l9ie nKMng bbdf . THe^ fMce AB^ is;, by chr M^ 
kttloB of forces^ edciy^d^ie tjbi AC and CB^ The 
Jbr^e AC iS'pat^kl to di&i^ift, ^^ttei%6»e h^ 
no effeft upon it; and therefore' tli^ fo^ace^' fXS^ 
i» only- a&ed- upon l^ the fbfce CB^* iif\a diredbn 
perpendicular to the fur&ce FG. 

Cor.. I. ff a Hodf impinges' t^on anofBer bo^'wii^ 
agh^en velocity ; tie qudmiiy of ihcfirokt is as the 
Jine of' the angle of incidence^ 

For the abfolute force is AB; and the fbfcc 
afting on the furface FG is CB. Biif ^i C&\ : 
x^\ S.CAB dr ABR- 

Cor. 2. If an elafiic body K impinges upon ahari 
#r elaflic plane FG ; the angle of feflhxiWwiU b&equd^ 
to the angle of incidence. 

For if AD be paraUH to FG ; the iKotloh of A. 
in dire£tion AD parallel to the planej is^ not at' alL 
changed by the flxoke. Arid by the ejaftlclty ' oT 
one or both bodies, the body A is reflefEed Back to" 
AD in the fatrte tim^ it moved from A to- &> let 
it pals to D -, then will AC = CD, beihgdeferibcd:^ 
in equal times ; confequently the angle ABC zi: • 
abgk CBD ; and therefore the angl^ DBG =r ah- 
^e ABF. 

Cor. i> If a non-elafUc body ftrikis another non- 
etajiic body\ it lofes but half the motion^ that it woiilS^ 
l^fi'i if ^he bodies were elaflic. 
. For non-elaftic bodies only'ffiop; without recede- ' 
ing from one another; but elaftic bodies recede 
with the fame velocity. 


PR OP. 
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P R O P. X. 

S/b€ fum af the motiom of mo or mow boHni 
m. any UnEtion towards the fgme^ p0rt^ amnat. io 
ckatigiediyiany aSion^of tieiodieti^^ieaeh oibon^ 

Here I reckon progreffive motions afErmative; 
and regrelfive ones negative^ and3 to be ded\i£ted 
out of 'the reft to get the fum. 

1. If two bodies move the^ fame way»; fih<s& ac- 
tion and re-aSion^ are. equal and' contrary, whlftt\olie 
body gains the other lofes; and the fum rema^y 
the fame as before. And the cafe is the fame, if 
there were more bodies. 

2. If bodies flrike one anodier' obliquely*, thiey* 
will a& on one another in a linejperpendkular t& 
the furface aded on. And therefore by the law 06 
a&ion and re'^a^Hon there is iv> change ma^e in thaic 
diredion* 

3. And in a dircftion parallel to the ftriking fui<** 
face, there is no aftion of the bodies, therefore the* 
motion remains the fame in that direftion. Whencei^ 
the motions will remain the fame in any one line of ^ 
direftion. 

Cor. I, Motion ' can- neither be inireafednor de^ 
nieafedy ccnfidered inat^one dtreHion'*^ but mifi re-'^ 
main invariably the fame for ever. 

This follows plainly from this Prop, for what 
motion is gained to one (by addition), is loft to 
another body (by fubtradlion) •, and fo the total fum 
remains the fame as before. 

Scholium. 

This Prop, does not include or meddle with fuch 
motions . as are eftimated in all direftions. For 
upon this fuppofition, motion may be incr^afed or 

decreafed 
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Fig, decreafed an infinite number of ways. For example, 
if two equH and non-elaftic bodies, with equal 
Telocities, meet one another; both their motions 
arc deftroycd by the ftrokc. Here at the beginning 
of the motion, they had both of them a certain 
quantity of .motion, but to be taken in contrary 
directions ; but after the ftroke they had none. 

r 

P R O P. XL 

. 7'be motion of bodies included in a given/pace^ is 
ike famey whether that fpace fimds JiiU\ or moves 
uniformly in a right Une. 

For if a body be moving in a right line, and any 
. force be equally imprefled both upon the body ^d 
the line it moves in ; this will make no alteration 
in the motion of the body along the right line.: 
And for the fame reafon^ the motions of any num- 
ber pf bodies in their feveral direftions will ftiU re-j 
main the farpe ; and their motions among themielves 
will continue the fame, whether the including fpace is * 
. at reft, or moves uniformly forward. And fince.th^ 
motions of the bodies among themfelyes ; that is,' : 
their relative motions remain the fame, whether 
the fpace including them be at reft, or has any uni- 
form motion. Therefore their mutual aftions upon 
one another, muft alfo' remain the fame in both ' 
cafes. 
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^e perpenJicu/ur defcent of heavy ho^ 
dies^ their defcent upon inclined Planes^ 
and in Curve Surfaces^ The Motion 
of Pendulums^ 


-kU. 


PROP. XII. 

CfU k ^ehcittei of bodieij falling f reefy h^ their 6wH 
-* iveightj art as tbi Hm^s of their falling from feji. 

For fince the force of gravity Is the fame in all 
places near the earth's furface (by P6ft. 3.), and 
this is the force by which bodies defcend; There* 
fore, the falling body is Urged by a force which afli 
conftantly. and equally;, and therefore (by Cor. 3. 
Prop. V. ) the velocity generated iri the falling bo* 
dy in aay time, is as the^ time of falling. 

. Cor. 1. If a body he thrown dire Sly upwards with 
the fame velocity it falls with ; // will lofe all its ino* 
tion in the fame time. 

For the feme aftive foi'ce will deftroy as hiuch 
motion in any time, as it can generate in the fame 
time. 

Cor, 2. Bodies defcending 6r afcending gain or lofi 
equal velocities iH' iqiial times, 

p R o R xiir. 

. In bodied falling freely b^ their owri weighty ihi 
fpaces defcribed in falling from rejl^ are as tbef^uareji 
Qf ^he times of falling. 

For fince gravity is fuppofed to be the fame in 
all places, iiear the earth. Therefore the falling 

C ^ bodj 
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pig. body will be a£i:ed on by a force which is conftan€- 
ly the fame; and therefore ^by Prop. VI.) the 
ipaces defcribed, from the beginning of the nao- 
fion, or fince their falling from reft, will be as th& 
%uaTs of the times of railing. 

" Gor. I. The ffacts def^rHei ly falling bodies are 
' as the fquares of $be velocities^ 

For (Prop. XII.) the velocities are as the times 
of falling. 

. Cor. 2, The fpaces defcrihed kf falling todies^ are 
' in the compound ratio of the tin^es^ anfi the velocitiff 
acquired hy falling. 

Cor. i' ]^ a body falls through any fpace^ and 
fnove afterwards with the velocity gained in falling ; 
iiwilldefcriie twice tbatfpace in the time of its falling. 

Cor. 4. A hody froje&ed upward with the velocity 
it gained in falUng^ will afcend to the .fame height h 
fell from. ... 

: AH theie things would be true if it was not fof 
the refiftance of the air, which will retard their 
motion a Uttfe. In very iwift motions, the refijp- 
tance of die air has a very ^at effcd in deftrgy* 
ing the motions of bodies. "^ 

PROP, XIV. 

4^ If a heavy body W he fufiained jipon an inclined 
plane AC, by a power F aSing in direction WF pa- 
rallel to the plane ; and if Pk^ be parallel to the hori- 
zon and BC perp.io it. then if tb^ length AC de^ 
notes the weight of the body^ the hight CBwill denote 
the power at F which fufiains itj andthebafe AB /fee 
preffure againft the plane. - 

Draw BD perpendicular to AC, then CB will be 
the diredion of gravity, DC parallel to. WF>iU 

* ' be 
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•fe the cBfe£bi^ ©f tfie force ii P,; aM D'B tlie di^ 5Fig. 
-<«ai<JR of tht premrt-e (bt I'i'op- ax ). 'Thc'itfo'iie 4. 
(by J*r6p. VllL.) the weigHt 6!f tHe body, iHs < 
jMJweV at F, and the pr'effifWe j Vfll 1?'e nflpe'^vely 
4s fee, ClD and DB; Bvtt the friingles ABC, BBC 
•aft fenwiar, and fteepiefoce BC^ CD ahd Dfe art tef- 
fi^rveHy is AC) €* atid BA. 'Thtteftirh tWe 
weight, power and preffure,- ire isf iht Rries A^ 
CBand.AB.. ..■'.■ 

Cot; i. Tbif iseighi of the hiy-y tbe power ¥ that 
■fufiains it on the phfte^ and the priffure a^aiiiji toe 
plane ; dri refpi^ively 'as raShis, 'the fine dni cofine 
of the planes ekvdtion above the horizon. 

l^or AC, CB and AB aVe to biie anothtr, as 
rai^us, fiiie d" CABj and fine of ACB. 

C6r: i'. Tbi f'ei^dr that ttrges a lody V^'^doixfn tht 

inclined plane is zz rg- X iioeigM af W. Hence^ . 

Cor. S. If a ptifinatic hody whdfe length is AG 
He upon the inclined plane AC •, it is urged ddwh the 
fl^He , wi}i <p f(^fe ' eqlual to the wight if ^ the' ^rifm 
^f the length CB. : ' h . r . 

' Cor. 4. If there he two planes df )hefanre hi^hf\ 
and two bodies be laid on thtni pr^gportidnttl to thh 
lefigtbs of thefe ptatks \ the tendency do't^n the planes 
wHl be eyml in bdth bodies. • ' ^ 

PROP. ij^v. 

If AC be dn indined plancy AB' the horizon^ hC 5, 
petp: to AB. And if W be a heat>y body upon the 
plane ^ which is. kept thm by the p'owjlr P d€liHg iH^ 
direStion ^Y. Draw BDE perp. to WP. "Then' 
the weight ^^ the ffc^ir P, /2?^ frejfure cgainft the^ 
pbme\ will be refpe&ively ^j AB; J^and AD. 

For AB being a HbnfeOntd plan^ is" perperJicii- 
Jat" to the adion o£ gravity ; atid fit) is* pcrp. td 

C 2 the 
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Fig. the direftion of the, power P; aod AD is thb 
5. plane, which is perp. to the diteftion of the pref* 
lute againit that plane. Therefore (Cor. i. Prop. 
VlII.) the weight of the bodf, the power P, and 
the preflure ; are as AB^ BD and AD. And if 
the direftion of the power WP be under the phme^ 
the proportion will be the fame, as long as BD is 
perpendicular to WP. 

Cor. I. The weight of the hedy W, is io the power 
Y that fufiains it was cofme of the 4mgk of traSion 
C WP : to the fine of the flanis elevation CAB. 

For the weight : power i : AB : BD": : S.ADB 
or WDE : S.BAD : : cof DWE or C WP : S.BAC, 
where the angle CWP made by the plane and di- 
, redion of the power is called the angle of Tra&ioa. 

Cor.-2. Hence it is the fame thing as to the power 

and weighty whether the tifte of direSion is above or 

below the plane^ provided the angle of traSion be the 

fame. For an equal power will fujtain the weight in 

both tafes. 

Cor. ^ fhe weight of the body : is to tie preffurt 
againjl the plane i i as the cofine of the angle of trac^ 
tion CWP : to the cofine of BNP, the direHion rf 
the power above the horizon^ 

For the weight W : preflure : : AB : AD : : 
S.ADB : S.ABD : : S.ADE : : S.NBE : : cof. 
EWD or PWC : coC BNP. 

Cor. 4. Hence the preffure againfi the plane is 
greater when the direHifin of the power is below the 
plane J the weight remaining the fame. 

Scholium. 

Altho* the power has the fame proportion to the 
weight, when the angle of tra&ion is the fame^ 
whether the diredion of the power be above or 

below 
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IjcIow the plane. Yet, fince the preffure upon the' Fig. 
plane is greater, when the line ot direction is be- 5. 
low the plane. Therefore in pradice, when a 
weight is to be drawn up . hill, if it is to be -. 
^ne by a power whole direftion is below the plane, 
the greater preflure in this cafe will make the car- 
riage fmk deeper into the earth, &c. and for that 
reafon will requh-e-a greater power to draw it up, 
than when the line of diredion is acbove the plane.* 

PROP. XVL 

If a weight W upon an inclined plane AC, he in 6, 
equilibrio with amtber weight ^ hanging freely ; then 
if they be fet a moving^ their perpendicular velocities 
in thai ptace^ will he reciprocally as their quantities of 
inattef. 

: ■ •• . - ' ' • " • •■ 

Take' W A a very fmall line upon the plane AC; 
draw AB. parallel to the horizon, and BC perp. to 
it. Draw AF, and WR, BE perpendicular to it j 
and WT^ DV perp. to AB. Let W defcend thro* 
the fmall line WA upon the plane, then P will af- 
cend a hight equal to AR perpendicularly 5 and 
WT will be the perpendicular dcfcent of W. The 
triangles AWR and ADE are fimilar ; and liice- 
wife the triangles AWT and ADV. Therefor^ 
WT : DV : : AW : : WD : : WR : DE. A94 
alternately, WT : WR : ; DV : DE ; and WR : 
AR : : DE : AE v therefore WT : AR : : DV : 
AE : : (by the fimilar triangles DBV a|)d AEB) 
DB : AB : : (Prop. XV.) power P : >8(eight W, 

' Cor. I. If any two bodies be (» equitibrio upon twa 
inclined planes \ their perpendicular vekdtii^ wiM be 
reciprocally as the bodies. 

' Gor. 2f. If ' ti64 bodies fiiftain each ether in equiU- 
brioy^ on aavf planes ) thepraduil ^ ^ne bod^ x hy its 

t ' C 3 * perp. 


±i INCJLI}>IEJ> P.LiANES. 

Fig-^^r^f 'velocity ^ is eguaH(f the.frcduS.pftbf cihfr kof 
(>• 4x)!^ iy ils jpfrp. velocity. ; , .- 

Pft,OP. XVII, 

7' . -y ^ fc^tfty ^f ^ rup dfiwn an ipcl\nei pjanf .CA3 
Vi&if . velocity it ai^ujrjes in anjj timfj movmg^ frof^ rift^ 
is to ,tbe velficip u^ired kjj a kady falling jiirpfmr 
cuTfitly in tb^pt^^li^^astbei b0t 0/ ib^ j>im:f^i^ 

. to iij lengthtA, .: . ' .. ' V, ^; 

The force by ^hi^h a Ijpdjr epdeavours to defcend 
oh an inclined phne, is to its Weighty or the force 
of g-av^ty ; as eg tp ^iV.(l^jr-:^rqir. XJV.)* And 
^ ^hefe forces ^^ajs^renaaU^ the f^mc, ih^frf^g^^^ 
(Cor. 2. Prop. Y-) tfie.vejbciti^ g^Rcrared/wUlJ^ 
a^tWe forces, a^^.the tim^s^^ a^in&.^icc^^y^s 
ind the bcJdies reciprocally. And fince the^^,i:gt^ 
of afting, and the bodies are the fame in both 
fSffe, the, velQcitiGs gerierate(|*''mU 'be'as'.tKefe 
Ibrces \ that is^. a^ the hight; ofi ihh p^ne O^ to 
its length CA, ^ • :: 

Cor, I. ^b^Vjdo}i(yJ acqrn^^^^^ ^'^ K^ifS 

d(iwn'an[incUm(i;plan^ i^ as fife ^W^ of its fudyip^ 
fromrefi'* '. /. , 

r 

Cbr. 1. ']f a hcdyis tbrn^'n up tfn inpUned fldnei 
with tbe veloviiy /X acquired in A^f^dhtg \ it will loj^ 
fill its moiioni/i tbe fdnte time..' ' ' ' '/ 

BR OP. XVIIJ; 

w; Ifabfavy:h6dydefcends'd0'j[JOHaf^ incJinisi pl^ne. 
C A ; tbe /pace it defer ibes front the ttgfnning of ^be 
tnoiim^ is to thi^JpaQC Je/frib^ iy.\a.MdyJal}itfg^.pr- 
pindif.uhrfy^ in /the, /ame,'timti^\ .^^f J be. ^gbt of /^e 
fiane CB, 'to i(s length CA: . ; / ... * 

For t%^ forcei^i^g tJ)e hf^ #irn tJ»e plwio is 
Ip.the force of ifsffrayity, ^, C? tft.CA <byPr«»n 

xiv3, . 
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XlV.)* which forces remain conftandjr the lame. Fig; 
And fince (Prop. XVit) the velocities generated p 
in equal times on the plane, and in the perpendi- 
cular, aire conftantly as CB to CA *, the' fmall par-^ 
tides of fpace defcribed with thefe velocities^ in 
all the infinitely fmall portions of time, will IJtill 
be in thd fame ratio; and therefore the fums of 
ail thefe fnmll fpaces, or the whole fpkces defcribed 
from the beginnings will be in the fanie conftant 
ratio of CB.toCA^ . . . r . 

Cor*. I • Itbe Jjpate defctihd by a My f&lUng down- 
en inclined plane ^ in a given tifpe^ is as the Jine of- 
the flanks eltoation. 

. For if CB be giveny and alio the^ perp.defcent : 
thatYpaqe will be' reciprocally as CA^ or direflly 
as S.CAB- 

Gor. 2. ^he fpae^ defirihd by a body defcending 
from rejtj down an inclined plane j are as the fquares 
rf tbeJimes.. ♦ • ♦. " ' V - ' : 

Cor. 3. If BD be drdwti perp. to the plane C A $ 
then in the time a body falls perpendicularty ibro" the 
bight C^^ another My will defcend tbra' thifjpace 
CD updn the plane. 

Fgr by fimilar triangles CA : CB : : CB. : CD^ 

PROP.. XIX. . 

If- AG \ is an inclined platfey the time of a . bodff y . 
iefdnding fhrtf the plane CA, is to tbe time of falU 
ing perpendicularly thrtf the bight pf the ^ plant ^ CB^ 
MS the let^tb of tbe/^ane .CA to tba bighf CB, V 

For if BD is perp. to CA,'then {CorV,2,. Propu . 
XVIli.) fpaee CD : Ipace CA : : fqiiare W the 
tinte in. CD : fquare of the time in CA : : that is, 
as the fquare of the time of defcending gerpendi- 

C 4 . cularly 
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Fig. cularly m CB (Cor. 3. Jaft) : fquare of the time in 
7. pA. But CD : CA : : GB* : CA\ Therefore 
CB* : CA* : fquarp of the time in CB : fquare of - 
the timp in CA, And CB : CA : : time in CB : 
jiincinCA. 

Cor. \. If c^ body he thrown upwards on the plane 
with the velocity acquired in defcending- -^ it will in 
fin equal time afiend to the fame bi^bt. 

Cor. 2. The- times wherein different planes^ of the 
fame bight y. art faffed oyer \ 4(f\as the lengths of the 

f lanes. , ^ 

Let the planes be C A, CF. ' Then time in.AC : 
time in CB : ; CA : CB. And the time in CB : 
time in CF : : CB : CF. Therefore ex equoy time in 
AC : time in CF ; : CA : CF, 

PROP, xx^ : 


% • • 


_ » » 

8; Jf ^ body falls down an inclined plane ^ it- acquires 
the fame lelo^ity as a body 'faUing-.;p^rpendictfhfrly 
Ibrcf the Mght of the ftane. . ... 

L^t the body run down • the. plane C^ whole 
hight is CB. Draw DF parallel to AB,, ^nd iipfir 
nitely near it. Then the velocities in t!)' A' and FB^ 
may be looked uppn ^s wifbrjp. Now ("Prop. 
XIX.) the times otdefcribing CA and CB, will be 
as CA and CB. Likcwilg the times, of •. dtferibing 
• CD and CF, will be as CD and ,GFi.;tbat>, ^ 
CA ^'id CB. Apd by divifioh, the difference of 
the times, oi' the times of defcribing DAand FB^ 
will alfo be as CA arid CB; that is, iis DA and 
FB. But (from Prop. III. ) the velocixies a^e r^ual 
when the fpaces are as th^ times of de^riptiop^ 
Therefore velocity at A is equal tq ^he yelo^itjj 

'at b/ r " • 
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- Gon !♦• ^A* velocities acqmreiij by bodies dtfceni- Fig. 
ing on any planes^ from the fame bight to the fame, bo'- 8, 
rizontal Hne^ tare eyidL . . 

'. Cor. 2. If the veloeities be equal at air^ two equal • 
altitudes D, F ; they will be equal at all other equal 
' altitudes A^ B. 

Cor. 3. Hence alfo^ if feveral bodies be moving in 
different direSionSy thro' anj fpace contained between 
two parallel planes \ and be aSted on by any force ^ 
which is equal at equal diftances from either plane, 
^hcn if their velocities be equal at entering that 
fpace ; they will alfo be equal at emerging out of it. 

For dividing that fpace into infinitely fmall' 
parts by paralfel planes, . Then the force between, 
any two planes may be fiipjiofed uniform -, and fup- 
pofing DF, AB to reprcfent two of thefe planes, 
then (by Cor. a.) the velocities at D and F being 
equal •, the velocities at A and B will be equal \ 
that is, the velocities atn^ntering the firft part of 
^ace being equals the velocities at emerging out 
pf it, or at entering the fecond fpace will be equal.- 
Aa4 for the lame reafon the velocities at entering ,^ 
the fecond fpace being equal, thofe at emerging ' !, 
out of it into th^ third, will be equal. And con- 
fequently the velocities at entering into, and cn»erg- 
ing out of the third, fourth^ fifth, &c. to- the laft ' §^ 

yill be eaual refpediv^ly. 

PROP. XXI, 

> 

If a hody falls from the fame bight ^ thro* any 9 
number of contiguous planes, AB, BC, CD; it 
will at laft gain, the fame velocity as 4 body faUing 
perpendicular^ from the fame hight. 

Let FH be a. horizontal line, FD perp. to it, 
l^roduce the planes BQ, DC to G. and H[. Then 

' ^Cor^ 


if. 


. Cor. 5. ^f a^hpdj^^rin movinj^tin'y' any fpaceEDj Wig. 
fe alhd' on itnifarfnTy'^hy afiyjor^e^Ms vehdij^ at 9* 
tmft^^^ ^/^^^ ^^ I^ Q^ ile^qufil to /itd y||ir^0sr 
T9^t\^ tht fum.of the fqwares of ikd vdodty^at E 
in:0^^ing ^ kt^ ^sni ^f the vthcity ^asqwridAn.falh . 
k^% frmireft: Aro'^timi Jpa€4 £D; Jn4 this Iwldt 
Ufkit^er tihhjif nms^sparptutjcidarfy or oblimefy.* 
For let th^ bodf jehtcr th& l|>ace £D at B, with 
the iWlCnicy squired- in fafimg thco* F£« Th^ 
(Frap« ^Ili^ Cqe:.. r.) the fqua^ of the vekcity at 
E will be as FE; and the fquare of the velocity a^ 
D, as FPi. and the fquare, of the velocity at D 
faffing from E; Vrll be as ED. But FD = FE 
+ EE)«, therefore the fouare of the velodtjr at 
D (falKiig thro*" PD) =: ftjuareof the velocity at, 
B •+• Iquarexif the •welocky at iDi(f(illing thro* ED), 
And* (Cor. il of tbi» Pr€n>;> the^ Tel^ity wiil l» 
th? fatne : wb^her ^ the bbd^J defceftdn^* perpendicik 
larly or obliquely. 




T -^ ^jf XV \J \f. r jKk.u\.UL« f ' • « 

■ 

-f*? tim^ \f boiiis defienSing thrf t\po :^ilbr '^• 
parts of fimilar curves^ placed dBke^are'ds -the 
fquar^ roots of jbeir lengths. 




^Xiet'A'fiCD'arid^^^ bfe 4:Wo fitiiilar'ciirviw; rintf . ^ 
fup|)(ife B€ ?t[id -^ to be infinitdy'finall, and^ttoiiS 
lartanrhe whtjle'; thit is,- Fo fchat^BG : bv^. : ABPr' 
ij^. ,D,raw t%,^T2X\A to 'the horizon^ 'ahd Iffij^ 
iS^'perp. ta if; , ' Then if tWor bodies defcendfrdte 
A and n (Cor. 4- '?rop. XX?.) the velocities at! B^ 
ahd ^.jyill be as </HB and\/M; that is, as v'AB^ 
apd \/aK beoaufe AB, ak are fimHar parts.' 
Therefore (Prop. lIE Cor. i.) the times of de^ 

BC *c 

fcijbing BC and bc^ :are as. -^.-j^ and -ttt > thatis^ . 


as 
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Con 1. Hence the times of dtfiinding tiro* dl the Fig, 
tords of a circle drawn from A or B, are equd xi. 
Mmong tbemfelvis^ 

Gor. 2. ^he velocity gained by fulling thro* the 

cord a^ is as its length CB. ' 

For the velocity gained in falling thro* CB'ii 
the fame as is gained by falling thro' EB ; and , . 
that velocity is to the velocity gained by falling 
tW AB, asv/BE to v/AB Xby Cor. i. Prop. , 
XIII.); that is, as BG to BA- Therefore if the 
given velocity in falling down AB be rcprcfcnted 
by AB. The velocity gained in falling down GB 
will be reprefented by CB 5 and fo that in any other 
cord, by its length. \ 


PROP. XXIV. 


/ 


If n pendulum vibrates in the fmall arch of a cir^ u, 
cle i the time of one vibration^ is to the time of a 
bodfs falling perpendicularly thro* half the Ifingth of 
the pendulum '9. as the circumference of a circle^ So the 
Jiametir. . 

If a pendulum fufpended by a thread, &c. be 
made to vibrate! in any curve ; it is the fame i;hing 
as if it defcended down a fmooth polifhed body 
made in the form of that curve. Fpr the motions, 
velocities, and times of moving will be the fame 
in both. 

Let OD or OE be the pendulum vibrating in the 
arch ADG, whofe radius is OD. Let OD be perp, ^ 
ti> the horizon, and take the arch E^ infinitely 
fmall, and draw ABC, ^FG, e^, pcrp. to OD ; 
and draw the cbrd AD. About BD defcribe the 
femicircle BGD. , Draw er and Gs perp. to EG, 
. Put / =: time of defcending thro* the diameter 
^QD, or thrp' the cord AD. Then the velocities 

gamed 
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^PVz6d2'6k ^ '^^* But whcuriie^rch ^^, 

AD.C i&.£2:cp^n^ lmaU> Pl^ vaaiOv^s, ^nd i;hen the 
cime of ^ bfcillation in a^ very fmall arch is = 

iBD \/aOp BD 

fee the dtt^ of dcfcetidiHg Aro* ftOEk, 4 ris ^he 
time €f .ddii:«ii(Jil>g thro^ ^ OD, Ajid* theneforc 
fiD the diiainel^^, i« to a^BGD the cifctunfenence ; 
as the time oif falling thro* half the length of th^ 
pendukim> to the time of one vibration. 

Cor. I* .A a fmall arch A^G^ the imn pf d^ 

fcending thro^ the cord AD, is to the time of defcend^ 

. i^ tbr^^ /j&<? ^cl> AEt> 5 (i$ the diameter ^ Bi?, U 

^ the, circumference^ 

For the time of d^fcenjding" thrp* the arch AED 

iBGD , ' 

= ^ X -or; ; therefore BD . ; i BGD : ; / : time 

2I5JJ - : . . . 

inAED^ . 

- Cor. %: AiiUpeviir4tiOi$f ef the fame pendulmm, in 
oTcben^ nQi ^er^ 4^^ aKe fjsrfirmed n^firlji^ tliejamf • 
time. 

Gor. z-lfYJ^ he. Vtffe^eiin h^.anJ T he zz 
tme af vi^ation in a veryt fmall arch. TkenT + 

DO -4^ Qg ^ ^ ^'^^ ^^ ^^^ ^^^^ ^^ vibration iH anj 
urjcbhVtQ^nejfrfy, 

For we found the time of vibration in ADC zz 
t X BGD 2OD 26D 

and the three lines DO' + 'OK, DO + OL, and 
PQi. + OD are in arithmetical progreQion •, but 
SopeKD is yety fitialf, they are nearly in geormetri- 

- .• ; cal 


« ^ * 
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Cor. 2.) if the arches are fmalU tho' not fiiriitar. Fig. 
the vibrations will be the fame as before. 

Cor. 2. The velocity of a fendulutn at Hi toweji 
pointy is as the cor4 of, the arch it defcends thro*. ' * 
' ' For the velocit^at the loweft point is equal to 
the velocity gained in defcending thro*' the cord ; 
for they are both of them the fame' as a body acquires 
by falling thro' their common altitude. . And 
(Prop. XXIII. Cor. 2.) the velocity gained in 
falling thro* the cord, is as the length of the cord. 
Therefore the velocities of a pendulum in different 
arches, are in the fame ratio* 

• '" N. • 

1 

PR OP. XXVI. 

; Pendulums of the fame length vibrate in the fame 

: time J whether th^ be heavier or lighter. 

' . ■ ■ ' ■ ■ 

: For let the two- pendulums. P, ^, be qf the 
. feme length ; they will each of them fall thro* half . 
the length of the pendulum in the fame time. 
For (Cor. 2. Prop. V.) the velocity generated in 
any given time, is as the force diredly and mat- 
ter reciprocally. But in the two pendulums, the 
forces that generate their motions, are their weights, 
which are as their quantities of matter. Whence 
we have the velocity of P, to the velocity of p ; as 

V- p 

-p to — ^ or as I to I ; and therefore equal veloci- 
ties are generated in the fame time. Confequently, 
equal.fpaces will be defcribed in the fame time, and 
therefore they will fall thro* half the length of one 
of them in^ an equal time. And therefore (Prop. 
XXIV. ) their vibrations will be performed in the 
fame time. 

Cor. Hence all bodies whether greater or leffer^ 
heavier or lighter^ near the earth* s furface will fall 

D thr(/ 
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of the air. 

Rcc^ufe tbpy arc as mwcb retarded ^y iheir mat- 
ter, 4s accelerated by their .wejigbt* The weight 
lind the matter being exa^ly pipportional V^ one 
fthpther. 

PROP. XX¥II- 

^he lengths cf pmdulwn^$ vihnUwg in the fame timt^ 

in /liffin'enf plofe^.ff 4ke^^i4» mU^ ^s the fifr^s 
i9f grwify. 

For (by Prop. V. Cor. 2.) the velocity generated 
in any time i^ a^ tht? force of gfavity direftly, and 
the quantity of matter reciprocally. And the mat- 
ter being fuppofed the fame in both pehdulutns, 
. the velocity .i^ as the forcc Qi gravity ; < and the 
fpace paffed thro' in a given time, will be as the 
velocity j that is, as the graisrity. Therefore if 
any two fpaces be defcended thrp* In wj time, amd 
two pendulums be made, whofe lengths are double 
jthefc i|races ; thefe pendulums (by Prop. XXIV.) 
will vibrate in equal times •, therefore the' lengths 
of the pendulums, being as' the fpaces fallen thro* 
in equal timefli, will be as the forces of gravity. 

Cor. I. The times wherein pendulums df the fame 

' length will vibrate^ by different forces of gravity ^ 

are reciprocally as the fqHarf roots of the forces^ 

: For (Cor. 2. Prop, V.) when the matter is given^ 

the velocity generated is as the force X by the time. 

And (Prop. VI.) the fpace defcended thro* by any 

forcey is as the force and fquare of the time. Let 

thefe Ipaces be the lengths of the pendulums, thea 

the lengths of the pendulums are as the forces and 

the fquares of the times of falling thro* them. 

But f Prop. XXIV.) the times of fallinff^ thro* them 

ar^ ift a given ratio to the times or vibration' ; 

' whence 
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•^jauntss thf kngtto of pendnJqm^ Ar« ^ the fafces Fi|^' 
and fh*. iqwrfs pi thP times pf vifemittjn ; ttercr 
fcif e wJiw tb« kJ^b$. ai^ giv^a, thft feri^a will bt 
r^^iipfpiifiljr a^ r^ fq^ves of th» tiiijei j and th<r 
times of vibration jwi^oodUy a3 tj^Q fqtiare rQots 

Cor. 2 , 5n&tf /^/^i ^ pendulum in dij^erent ^laces^ 
are as the forces of gravity^ and the fqudres of the 
(m^ ff wira^iou. ... 

This is proved under Cor. i. Hence, 

Qqr, . !• The times wherein pendulums of any length!, 
\ ftffkrm tliiir ofiiHfii^m. ; are as thi f^uart roots of v 
iheir lengths diredly^ and the fquare roots of ^e gra* 
pitaUng forces reeifroealfy. 

Cor. 4; ^e forces of gravity in different places^ 
an as the lengths of pendulums dire£lly^ and tbf 
fduares of the times of vihration reciprocally. 

PROF. XXVm. Prfih 

^0 find the lungtb iff a fmdulumj that fbaR mgkt 
OdTji numl^er cf vihrations in a given time^ 

* 

Reduce thq given time into feconds, then fajr^ 
a^ the fquiare of the number of vihrations given ; 
to the fquare pf this number of feoonds ; : fo is 
^^^3 : tp the ieng^th pf the p^iKiulum fought, i^ 
inches, 

> E%. Supppfe it makes ^o vibrd<tons in a minute^ 
hftre % minute ^$ qp 60 feconda ; then, 

fi& 2^00 (the fijuare of 50) ; 3.600 (the fquare 

of 60) : 2 39.13 : to the length = ' \.q^ 

.140868 , t 

5; ^ ' ^5^*34 inches, the length required. 

Da U 


3 


5? PENDULUM S* 

Fig. If it be re^uii^ to Btid a pendalum th^t fhall 
vibrate fuch a number of times in a minute; you 
need only divide i 4086S, by the fquare of the 
number of vibrations given, and the quotient will 
bethe length of the. pcndqjun^.- - 

This pradice is deduced from Prop. XXV* for 
let p be the length of the pendulum, n the num- 
ber of vibrations, / the time they are t6 be per- 

formed in. Then 30- 1 ? : i* : : p": r = fcfuar* 

^ P ' 

of the time of one vibration^ and \ / ^^1: »==: 

39-^3 
time of one vibratbn ; then if / be divided by 

p 39*3 

v/ it will give n \ that is, / \/— r-^ r;: »* 

^ 39.13 ^ . V ^_ » 

whence.// x 39 ? 3 =- nnp^ and nn i. tt : : 30. 13 yp. 
If the pendulum is a thread with a little ball at 
it, then the diftance between the pgint of fulpenfion 
and the center of the ball is efteemed the length of 
the pendulum. But if the ball be large, fay as the 
diftance between the point of fufpenfion, and the 
center of the. ball, is to the radius of the ball-^ {o 
the radius of the ball to a" third proportional. Set 
. -^ of this from the center of the ball downward; 
gives the center of ofcillation. . Then the . whole 
diftance from the point of fufpenfion to this center 
of ofcillation, ts the true length of the pendulum. . 
13. If the bob of the pendulum be not a whole 
fphere^ but a thin fegment of a Iphere, as AB, as 
in moft clocks; .then to find. the centier of ofcilla- 
tion, fay as the diftance between the point of ^fuf- 
penfion, and the riiiddlc of the Bob, is to half, the 
breadth of the bob v fo half the breadth of the 
bob, to a third proportional. . .Set one .third of 
this length from the middle of thie t)ob downwards, 
gives the center, of ofcillation. Then the diftance 

. between 
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between the centers of fufpenfion and ofcillation, is Eig^ 
the exa& length of the pendulum. 

> * 

PROP. XXIX. Prob. 

Having the length of a pendulum given ; to find 
how many vibrations itjhall make^ in any given time. 

Reduce the time given into feeonds> and the 
pendulum's length into inches ; then fay, as the 
given length of the pendulum : to 39.13 : : fo is 
the fquare of the time^given : to the fquare of the 
number of vibrations, wh6fe fijuare root is the nupi- - 
ber.lbught. 

J^xample. Suppofe the length of the pendulum 
IS 56.34 inches, to find how often it will vibrate in 
a minut^., • , ' 

I' minute* = 60 feconds. Then, 56.34 (the 
length of the pendulum) : 39.13 : : 3600 (the 
fquare of 60) : to the fquare of the number of vi^ 

3600 X 39.13 140868 
brations- = 56.34' "= "iSlif = *50o.and 

V 2500 = 50 n the number of vibrations fought.* 
If the time given be a minute, you need only 
divide 140868 by the length, apd extraft the root 
of the quotient for the number'of vibrations. 

This is the revqrfe of the laft problem, therefore 
fuppofing as before in that problem, we have // X 
39.13 z= nnp ; therefore ^ : 39.1 3 : : // : nn. 

They that would fee a further account of the 
motions of bodies upon inclined planes, the vibra- 
tions of pendulums, and the motion of proje&iles } 
may confult my large book of Mechanics, where 
diey will meet with full fatisfaftion. 
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'■ Agdin^ kt dlie kody^ V Wfii^Mdcd witlvits cen- Fig* 
ter of ^l^vHy I uj^ tha peFj^om^cular IH* As^ 14. 
ttics Fifte 1k^ i|q lAdliHlttii^fl^ to^ mc^ t^ anyr Gde^ k^ ^ 
wift therein ref»4u> a€ re^ Take awiy the line^ 
IH, and let the edhter of ^M^IQ^ I be ftiff ondedr 
on the line IG, then the bpdy will endeavour to 
defciwid along tht arth IK,- for the higheft poiilt of 
the aith is in the p^r|taidieular erc<aed at G. Fo» 
the fame reafon if the body be fufpended on the 
Urie 01, it will endeavour to defcend towards K, 
about the center O ; now a» bbrii thefe motion^ 
tend the fame way, . attd there is- ftcfthing to oppofe 
them ; the body mi>flt felt towards K. Ift botfe 
tftefe cafes^ it is plain, that when the center of 
gravity by its motion, defcerlds, the l^ody wiJl falfj 
bitt if not, the body will be fopported without fa:Ifing, 

Cor. I. If a hdyjtands upon a planer if a line be 
drawn from Pbe center of gravity perpendicular ta the' 
horizon ; if this line, fall within the bafe on which thi 
bodyjiands^ it will be fupportedtvitbout falling. Bui 
if the perpendicular falls without the bafe^ the body 
will fall. 

For when the perpendicular faH$ within the bafe^ 
the body cain be moved no manner of way, but the 
center of gravity will rife. . And when the perpen- 
dicular falls without the bafe, towards any fide; 
if the body be moved towards that fide, the ceittei' 
of gravity d^fcends j and therefore the body wilJ 
fall that way. 

Cor. 2. If a perpendicular drawn fr^nt the center 
tf gra'&ity pefp. to the horizon^ fall upon the extremi* 
ty ^ the bafe ; t-be iody- may fiand, but the leaft force 
^batevery will caufe i4 to fall that way. And the 
nearer the perp. /V to any fide^ the eafier it will bo 
^fnade to faUj 6r if f&vner thruji over. And the 
nearer the perp. ^ it Po the middle of the bafcy the frmer 

the body fiand$. 

^ D 4 Con 
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Fig. Cofi y. Hence if the ceMer cf gravity dfa hody he 

14. fupported^ the whole body irfupforted. And the place 

cf the tenfer af gravity mujt be deemed the place of 

the bddy\ and is always in a line drawn perpenMcuIar 

to the horizon J thro* the centet of gravity. 

Cor; 4. Bence all the natural aSions of animals 
may be accountedfor from the properties cf' the center 
cf gravity, ' 

When a man endeavours to wdk, he ftretches 
out his hind leg,^ and bends the knee of his fore 
leg, by which means his body is thruft forward,, 
and thp 'center of gravity of his body is moved for- 
ward beyond his feet ; then to prevent his falling,, 
he immediately takes up his hind foot^ and places 
it forward 'beyond the center of grayity 5 then he 
thrufts himfelf forward, by his leg which now is 
the hindmoft, till his center of gravity be beyond 
his fore foot, and then he fets his hind foot for- 
ward again \ and thus he continues' walking as long 
aj5 he pleafes. 

In fiandrng, a man having his feet clofe toge- 
ther cannot ftand fo ^rmly, ais when they are at' 
fome diftance ; for the greater the bafe, the firmer 
the body will ftand -, therefore a globe is eafily mov- 
ed upon a plane, and a needle cannot ftand upon 
its point, any otherwife than by fticking it into the' 
plane. , I 

When a man is feated in a chair, he cannot rife 
till he thrufts his body forward, and draws his feet 
backward, till the center of gravity of his body be 
before his feet ; or at leaf): upon them ; and to 
prevent falling forward, he fets one of his feet for- 
ward, and then he can ftand, or ftep forward as 
he pleafes. 

All other animals walk by the fame rules ; firft 
fetting one foot forward, that way the center of 
gravity leans, and then another. 

' In 


/ 


; 


Sea. in. CENTEH pF GRAVITY. 41 

In walldng up hiU^ a man l^nds his body for- Fig. 
ward, that the center of gravity may lie forward of 
his feet; ; and by that means he prevents his fall* 
ing backwards. . / . 

In carrying a buithen, a man always leans the 
contrary way that the burthen lies ; fo that the 
center of gravity of the whole of his body and 
the burthen, may fall upon his feet. . . 
. A fowl going over an obftacle, thrufts his head 
forward, by that means moving the center of gra- 
vity of his whole body forwards ; fo that by 
fctting one foot upon the obftacle, he can the more 
cafily gjet over it. 

• 

PROP. XXXI. 

In any twQ }?odies A, B, the common center ofgra- 15, 
vity C, divides jf he line joining their centers^ into two 
fartSy which are reciprocally as the bodies. AC : BC : : 
B : A. 

Let the line ACB be fuppofed an inflexible le- 
ver ; and ,lei; the lever and bodies be fufpended on 
the point C. Then let the bodies be made to vi- 
brate about the immovable point C ; then will A 
and B defcribe two arches of circles about the cen- 
ter C, and thefe arches will be as the velocities of 
the bodies, and thefe arches are alfo as the radii of 
the circles AC and EC. Therefore their velocities 
are as the radii. Whence, velocity of A : velocity 
of B : : AC : CB : : (byfuppofition) B : A. There- 
fore A X velocity of A r: B X velocity of B* 
Whence fProp. II.) the quantities of motion of 
the bodies A and B are equal, and (Ax. 9.) there-* 
fore they cannot move one another, but muft re- 
main at reft; arid confequently ^def. 12.) C is the 
venter of gravity of A and B, 

Cor. 
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jfig^ Cor« 1. ^kt prmbtHs tf each hady mtikipthibf its 

. Cor 2. If a weight be laid upm C, a point of the 
' itAexibU lev^ AB, which is fufporttd at A am 6 ir^ 
tpepnjfure at A /^ /i^ prt^ure at B, iciitf i^ <jj CB 
/^ CA; 

For let the bodies A^ B, be btfth placed in C ; 
tKcxi. (Cor. 3. Prop. XXX.) fmce it is the fame 
thifigi whether the bodies be at A and B, or bothr 
of* them at C, their center of gravity \ therefore the 
preflures at A and B will be the feme in both t^%. 
But when they are at A and B, upon the Ifever 
ACB, their preffur^ are A and B, being the fame 
with the weights -, therefore when they are both at 
. C^ the prefiiares at A and B will ftiU* be A and B. 
Therefore (Cor. i.) fiace it is CA x A = CBx 
B3 therefore CA ; CB : : B : A : : preflUre at B : 
preffure at A. 

PROP- XXXII. 

» » 
^5* If there he three or more h(idiesy and if aUne he 
drawn from one b^dy E to the center of grofuity of 
the reft C. ^ben the center of gravity of all the bo- 
dies divides the line CD, in two parts in Dy wbicU 
are reciprocally as the body E to the fufn of all the 
other bodies. CD : DE 2 : E : A + B ^c. 

For fuppofe AB and CE to be two inflexible 
lines 5, and let the body W = A + B &c. and let 
W be placed ifi the center of gravity C. Theit 
by. the laft Prop. CD : DE : : E : W or A 4-B&a 

C6r.. fbrbodyU X DE ihediftance from thecom^ 
nioft center of gravity, is equal to the fum of^ the bo^ 
dies A + B &>. X by DC the diftance of their cen^ 
tff from the common center of gravity. 

PROP. 


Sea. la CENTER OF GRAVITY. 4J 

PROP. XXXIIl. 

IfA,l3ifis iwc todies^ C thdr einter of gravity, iff* 
F an^poim in the Une AB. thtn mti ^k X A + 

FB X B Ji FC X A + B* 

f 

.^dt (Cor, f. Vt op. XXXI.; CA X A = CB X B j 
that is, FA •»- FC X A = FC -^ FB X B •, wheftcp, 
bf tmifpq&doa F A X A + FBx B = FC XA+4J. 

Cot. tienn tbehddits A and B batx fbt fame forti 
h Mrn the k^vet AF <}^0«^ tbt ptht Ft tsif tf^ 
iBtrt ipti pkcid in C tteir cmter ^ grsvity. 

PROP. XXXIV. 

iffeverai bodies A, B» £ fcff. ie plactd on ait 17^ 
infiexible Jlr eight lever \ and if Vi he their common 
emttr of gte/bity % and if V he atr^ point in tbt Une 
AE, ! *<« FA X A 4- F B X B + FE X E a?f, » 

FD X A + B + E {^t. 

For tf A 4- B =: W , th<» F A X A + FB H 

B + FE X E = FC X A + B + FE X E - FC 
X W + FE X E=J?rQj,XXXm.) FD X 

W + E = FD X A + B + E^, in" the thr« bo> 
dies A, B, £. And afler the fame manner, if 
' there he f^r bodies^ put W =: A'4- B -f E^ ^d 
k will be praved the fame way,, that the fom <i£ 
aMthe prbdtidls, FA X A + FA x B £cc. ^ dif> 
Utntie ef the cmnmoa center »£ gravity, x h]r aU thft 
four. And fo on for more bodies 

\ 

. Con The fame Ptop^ 9t;0 b^fi goodj when the h- 
ik^dte not in the Knt AF, but tmyiJohere in tkeper^ 
pendictttars faffing tbro* the pointy A, ft E ^c. ' ^ 

PROP. 
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For they aft the contrary way in turning the k- Fig. 

rer about. 17. 

PR O P. XXXVI. 

4 

•. If feviral bodies A, B, E, G, H, he placed on it, 
ihe lever AH, and F -be the center of gravity of all 
tie weights. Then F A X A . + FB X B + FE X E 
= FGxG + FHxH, 

- * 
< 

For let the lever be fufpended on the point F, 
then the two ends will be in equilibrio, as F is the 
center of, gravity. Let D be the center of gravi- 
.ty of A, B, E ; and I the. center of gravity oiFG;, 
H. . Th^n (Cor. Prop. XXXIII.) Jt is the fame 
thing whether the bodies on one fide be placed at 
A> Bi E, or all of them in the point D. And 
whether thofe at the other end be placed at G, H; 
0(r all of thcoi- at L. But fince F is the center of 

gravity^ DF X A +B +E = FI X G + H, and 
therefore A X AF + B X BF + Ek EF = G X 
GF .+ H X HF (by Prop. XXXIVJ ^ ; 

J. . . 
Cor. I. 1/ fever al Mdies A, B, E, G, H, be 

placed 9n an inflexiile lever ^ and if AX FA -4- B X 

F^^+ E X FE i= G X FG + H X FH. rhen F 

is the cenUr ^f gravity of all the bodies * ... , 

For no other point will anfwer the equation.. 

% Cor. 2. If federal bodies A, B, El, G, H, be 
placed upon a. lever AH, ,or fufpended at tbefe points 
i^ ropes-, «»i// AxFA + BxFB.+ E X FE = 
G X FG + H X FH ; they will be in equilibrio upon 

tbepoint,F. .. , , 

This appears by Def. 1 2, ahd F is the center of 
gravity. * 


■• , • 


PROP. 


s 


n 
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PROP. XXXVIL 

'9' If a beofvy body AB, fufpended by two ropes AC^ 
BD, remains at r$ft ; a right Une pirfendkuiar U tbf 
honTLon^ faffing tbr^" the imorfiStiM 1^ kf tke ropi^^ 
willaljb pufi tbri^^ tbtxenttr ofgrtetsky Gy i^ iinhoSf^ 

If AC and BD be produced to F where they in- 
cerfed; then \vi. 12.) it is the feme thing whether 
the force ad^ii^ in direftion AC be applied to C 
or F ; and whechar the force adiog ia4ire£kion fijd 
ht applied to the point D or F. ^ppp& then thpt 
they both a6l at F, and then it is. d]^ iame thina, 
fis if the body was {impended at F fay the twoftpn^ 
AF, BF. An<i fince the body is at reft, th^refgrc 
<Ax. 7.) the body, that is, the center of i^ravitf 
G, is at the k>weft placist it can get ; and therefore 
is in the plumb line FG. , For if the bo4y be tm^ 
$(r vibrate, the center pf gravity G will deicribfe $99 
arch of a circle^ of which G (being in the pcfpw 
FG) is the,loweft point. 

Cor. I. Bent^ if GU bf 4r(mn f^r^M to h<^\ 
then the weight of the body 9 tbe forees acting atQ 
and D, are refpe^ivek^ ^s FG, GNt ^^ FN. 

This is evident by Prop. VUL 

Cor. 2> If a he^iy body AB, be fupported by $W9 
planer, IKL, and EHG, at H and K ; and HF and 
KF be dramn perpendicular to tb^fe planes ; and if FG 
be drawn from the interfeSlian F, perp. po the borb- 
zonj it will pafs thro* the center of gravity (J, of tbt 
body. 

For fince the body is fuftained by thefe platses, 
therefore the planes re-a6t againft the body (by 
Prop. IX.), in the directions HF, K!F pependicu- 
lar to thefe planes. Therefore it is the fame thing 

* as 


/ 




B 




IX^^t^-^^- 


/^^^fu^ 


•« K-aAt 4- 


t 
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as if the ho4y wni fvifti^Md by the two ropes HF,. |fig. 
JCF. For the direftions and quantities of the j^, 
^rces, afting at H and K are tbc fame }n both 
-cafes. Arid further, if the bpdyt)e made to vi- 
brate round F, the points H> K will defcribc two 
, arches of circles, coinciding with the touching 
jpl^^nes ^ H, K •» therefore JcnovHiig the bodv up 
4nd dpwn the ^*tne$, ^ will, be juft die ^roc f nix)g, 
^ paaking it vibrate in the jropcs, HF .an4 KlT; 
And confeqxiently,.the body can reft in neither wfe, 
tut when tihe i:enter of gravity i^ in tfce pt^rpon-- 
dkxUar FG. . ' 

S C H O I< I U M. 

If any b0dy fhbuld deny the truth of this 'Prop. 

- of its coroUanes, againft the ckai^ft for<:^ of de- 

,monftration. It lies upon them to fhew wjiere tke 

demonftration fails, or what Itep or fteps tlftreof do ' 

dot hold good, or awe not truly deduct from die 

foregoing. If they ipannot do this, whdt jc^cr roi- 

^ £bn6 tiiey may afllgn* c«n figaify nothing at aU no 

thepurpofc, And tffuch jpcriPA, igiic>raat of. ate . 

laws of nature, and the relolution of forces, woiiki 

objeiSl agaipft this pra&ice, of fubftituting planes 

perpendicui^ to the lines or cords fuftaining any 

-weights, tnftead of theie cords. Jjct bim&rAtc^ 

Sit y. N^mtgrfs Primipia^ Cor. 2. to the laws of 

nature, wher^ he wili fee thi$ prsMjlice ex4siiTptifiedT 

and then make his objeftions. 

And for the fake of fuch perfons as underiland 
not how to apply the tncthod of compofition and 
Jteffolution <rf TOre^s, I fhall add a few problems to 
prevent their being mifled by, the rafli judgment of 
tome people, who having brought out fmt fot^ 
tions to fome problems by ^ir own ill tnanage- 
ment, condemn the tnediod ' as erroneous ;^ when 
the fft^lt reaJilf Im in their ms^ ignprtnce, ^ not 
ttt lUin ihe to^hod itfelf. 

PROP. 
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^«- PROP. XXXVIII. Prob, 

20. j'q determine the pofition of a beam CD, mirbahle 
Mhcut the end C,' and fujlained by a given iveigbe Q, 
banging at a rope Q AD» which goes over a pulley at A 

and is fixed to the other end D. 

'/ , . - • • 

Draw AF, CK parallel to the horizon, FDE 
' pcrp. to it, and KP pcrp. to CD ; " and let G be 
the center of gravity, w zz weight of the beam. 
Then if the beam was to lie horizontally (Prop. 
XXXL Cor. 2,) it would be GC :<5D : : preflure 
at D : preflure at C ; and GC : CD : -: preflure 4t 

GC 

D : w.% whence the preflure at D = ^^ w, hori- 
zontally. And (Prop, XIV.j CD : CE: : 
Gk: CExCG 
CD "^^ — CI)* — ^ "" P^^^^^ ^ direftion DK. 

Produce AD to O, and draw OI parallel to CD. 
Then the beam is fuftained by three forces in direc- 
tions OD^ DI and lO ; and DI : DO : : S.IOD or 
ODC or ADC : rad; whence S.ADC : rad ::: 
CExCG ^ radxCExCG : 

-^— X«;:forceDOorQ=:s.^DCxCD^^- 

CE X CG 
Therrforc w : Q^: : S.ADC : rad X — rn*"^ — • ' • 

CG rad X'CE 

S.ADC : ^ X S.FDC, becaufe ^.p — = 

S.EDCorFDC. ' 

PROP. XXXIX.. Prob. 
21. Let the beam ED, be fuftained by she weighty P, Q» 
by means of the ropes DCP, EAQ, goir^ over the 
pullefs C, A, in the horizontal line AC. 3V find the 
pofition of the beam 5 having the weights P, Q, given., 

I Way. 
Let G be the center of gravity of the beam. 
Thro* D, E, draw HDS, FER perpendicular to 

AC. 
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AC- Then (Cor. 2. Prop. VIII.) S.EDS : P the Fig. 

tenfion of the thread CD r : S.CDS or CDH : au 

S.CDEi 
g £0g X P the tenfion of DE. Alfo, S.pER or 

S AEF 
EDS : Q^: : S.AER or AEF : g'^pg X Q the 

tenfion of DE in a contrary direftion.. Then as 
the beam, is in equilibrio, thefe forces or tenfions 

balance one another; therefore g gpo X P =: . 

S AEF 

g'l^pg X Q. Then P : Q : : S.AEF : S.CDH; 

which may be otherwife exprefled, for AE : rid : ; 

AF 
AF : S.AEF = -jgX rad ; and DC :rad : : HC : 

HC AF 

g^ X rad =: SJDDC. Whence P : Q^: : -^ > 

CH AF AE, 
CD • • HC • DC* ' 

Let R, S be the perpendicular preflures of the 
ends E, D. w = weight of the beam. Then 

DG , Eg 

(Cor. 2. Prop. XXXI.) R == -gj^ w, and S = g^w. 

DG' 

And (Cor. 2. Prop. VIII.) S.AED : R or ^w : : 

.■ S.AEF xDG 

S.AEF : tenfion of DE =: g A£p y £q w. And 

EG 
S.CDE : S or gg w : : S.CDH : contrary tenfion 

S.CDH X EG 
«>^J^E = s.CDExED ^* "^^ ^^^"^ *^° ^'''■*^" 

^ S.AEF xDG 
of DE being equal, we have g.^EDxED ^ = 

E S.CDH 
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Which they are diredlly oppofite, ' And therefor^ Fig; 
th^ beam will remain unmoved by thefe. But the 2ii 
equal forces *DY,- EX, being parallel, never meet in 
a point,; but adting. flbllqucly on the.beam, one of 
them drawing at D in direftion DY, and the other 
at E in direftion EX, the efFedt will be, that they 
will turn the beam ED about the center of gravi- 
ty G. Therefore to pi'event this, the forces DY^ 
EX, mull be fubdivided; that is, they muft be 
refolved into others, one whereof is perp. to the 
horizon, the other parallel to ED. Theft gravity 
wiU balanc€t thefe perp. to the horizon, and the 
others, being equal andoppofite, afting in the line 
EGD,_a(5t equally againft any of the points D, G, 
or £• And lb- the beam will remain at reft. ^ But 
this is much better done at once at the firft, by di- 
viding DC, EF^ each into two farces, one perp. to 
the horizon, the other parallel to the beam ED j 
And then the op^fite forces will exaftly balance 
one another, and the beam remain unmoved, 

. P R .0 p. XL. Proh. 

, . ^ . . . . . . ^ ' 

« Tp find the fqfitionof the beam .ED, banging hy it* 
the rope EBD,. wbofe ends are faftened, at E and D., 
end goes over a pulley fixed a/ B. . , 

Let G be the center of gravity of the beam, then 

(Prop. XXXVII.) BG will be j)erp. to the horizon. 

Then as the^ cord runs freely about the pulley B ; 

therefore (Ax.» ij.) the tenfion of the parts of. the 

rope EB, BD are equaV^o qne another, fuppofe 

= T. By the refolution of forces, the force EB • 

is equivalent tg ^G, GJB ; and DB to DG, GB. 

EG 
Therefore BE : E.G * : T : ^g T zi force in direc- 

DG 

tion EG. And BP : DG : : T : -gg T z; force in 

E 3 direftion 
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fig, diitfikm DG, wludi is cqiod and oppofiie tft Aat 

*^* in EG ; therefore £g T = ^g T, Whence EG : 

EB : : DG : DB. And ibatEoK BG bifefib tbe 
angle EBD. * 

Cor. Hekul£D:Jlri^lEMX}::EJGzWitbifart 

EB of tb€ firms - - omJ/qGD : DB tbcfari DB 4/ 

, fie firings 

Scholium* * 

If GD be \t& than GE, then the center of gm- 
vity G, will be loweft, when the beam hangs pe]> 
pendicular with the end D downward. And in m»- 
Tij cafes it will be hi^eft, when it hai^ pefpen- 
dicular, with the end £ downwaitL 


^3 


PROP. XL!. Pr9h. 

There is a heam BC kawg^ iy a pim si C, ^a$d 

hfing upon tbe wall BE ; to find the forces or fr^ffmr^ 
at tbe point s^^ and C^ and their ^redions. 

Produce BC to K, fo that CK may be equal to 
CB. Draw BA parallel, and CL peipendicubu:, to 
the honzon; and draw BL, CN, KI perp. to. 
BC^K. Thro' the center c£ gravity G,..chaw GF 
parallel to CL. By Prop. XIV. if a bodjr lies 
lupon an inclined plane, as BC ; its weight, its in- 
clination down the plane, and preflfure agait^ it, 
are as BC, CA and AB ; that is, as CL, CB and 
BL. Therefore if CL reprefent the weight of the 
body, CB will be the force urging it down the 
plane, and BL the total preflure againft the plane. 
And fince GF is parallel to CL, BL is divided in 
F, in the fame ratio, as BC is divided in G. And 
therefore (Cor. 2. Prop. XXXI.) BF will be the 
part of the prefliire acting at C, and FL the part 
afting at B. Make CN equal to BP> and compleat 

the 
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the paraUek^ram CNIK, and draw Cf. Then Fig. 
jgace BC or CK is rhc ;fQrce in direftion CK, and &^. 
CN the force in diredion CN; then by compofi- 
tion, CI wiU be tte finale force by which C is Tut 
tained, and CI its diredion. But the triangles CKI, 
QESF ixe ftmtlar and equal, and CI r: CF, and in 
the fame li^t line ; fiierefore CF is the quantity 
and direction of the force adting at C to fullain it. 
Therefore the weight of the body, the prefliire at 
B, and the force at C ; are refpeftively as CL,.FLi 
ahdCF. 

Cor. I. Produce FG to mter/eif CN ia Hi then 
the weight of the body^ the prejfure at B, and tbt 
force a&inz at C i au refp'eSivefy as HF, HC, and , 
CF. 

For in the parallelogram CLFH, HF =: CI^ 
and HC = FL. 

Cor. 2. If the beam was fupported by a pin at B, 
nnd laid upm the watt AC ; the like conJiruSion inuft 
ie made' at B, as has been done at C^ and then the 
fonts and direSions will be bad. 

, Cor. ^ if ti line perp. to the bmzon ie drawn 
thrd F, where the direbion of the forces CF, and 
BF fuett \ it pa§4S thrif <5 the center of gravity of 
the be(m. 

Cor. 4. // is att one whether the beam is fuftainfd 
by the pin C aiid the wall BE, or by two ropes CI^ 
BP ailing in the dire£lidns FC, FB^^ and with the 
forces CFt FL. 

Scholium*. 

The proporfions and diredfiohs of the forces here 
found, are the feme as in Prop. LXIV. of my large 
book of Mechanics^ and obtained here by a dif- 
fcrtnt method. The principles here ufed are in- 
difpuuble -, and the principle made ujfe of in that 

.E4 LXIV. 
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Fig. LXIV. Prop, is heit demonllrated in the third Cor* 
^^. fo that the reader may depend upon the truth of 

them all. 

PROP. XLII. Prib. 

24,. BC is a heavy beam fupported.upon twa p^s KB, 
LC 5 to find the pfition of tb^, pofis, that the beam 

may reftin equilibrio, 

1 . ' . ■ • 



Let G be the center of gravity^ draw BA paral- 
lel to the horizon, and BF,. GU, CAN perpendL* 
• cular toit. Then (Prop: XXXI. Cor. 2.) if BC be 
the weight of the body, GG will be the parr of 
the weight a6ling at B, and BG the weight at C. 
Therefore make CN = BG; ' arid BF = GC ; and- 
from N and F, draw NT, FK, parallel to BC -, and 
jiiake NI 2= FK, of any -length, and lying, con- 
trary ways. Then draw IC and KB, whichrwill bcf 
tjiepolition of the p9fts requited. - . 

• For BF is the weight upon B ; arid CN, 4^^ 
upon C, which forces being in direSion of the Imes 
BF, CN, the beam will remain at reft by thefc 
forces.^ And the forces NI, FK, In diredion BC," 
being equal and contrary, wili aUo keep the bcani in 
' equilibrio, therefore the forces KB, IC, compound-* 
cd of the others, will alfo keep the beam in cqui-e 
librio, a<5ting in tjie diredtions KB, fC, or MB,LC. . 

Cor. I . Hence if DG be produced^ tt ijsillpafsil^ra^ 
the interferon H, of the line$ LC, MB. * -. ' . ' 

For the triangles JNC, CGH are fimilar j there- 
fore IN : NC : : CG : GH, the intcrfe<JtioniRrith 
CL. Alfo the triangle3 KFB,BGH are fimilar; 
therefore KF : BG : : BF : GH the imepfeSion 
with MB, which muft needs be the fame as the 
other, fince the three firft terms of the prpportion 
are the fame; for KF ;= NJ, BG ;= NC, and 
BF = CG, 

Cor, 
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•: : Cor. x\ Jf a Une>h drawn thrd" the center ofgra- Fig. 
mty-G^ af the beam^ ferpenditular to the horiis^6n% 24, 
and from any point H in Jbatlinoj (ahcve afr behm 
G), tbelinssHBK andHOA be drawn y then the 
preps BM and CL,^willfuJiain the beam in equilibria. 


» » ( 


Cor. 3. .If GO be drawn paraUel'to. HC ytbmtic. 
might. of tbebeapy tbepreffure atC^ 4nd:tkruft' or 
pr^£ure at B 5 are nefpeSiivtfy 4s HG, QG, and HO^ 
ifnd in tbefe direHiom. 

/Cor, 4. // is all one for maintaining jbe equilibria. 
um^ whether the beam ^Cbefupported^ by two fofis 
or props MB, LC-, or by two ropes BH, CH 5 or 
by two planes perpendiculat to tbefe ropes at B and C. 
For in all thcfe cafes the forces and direftions 
are the fame ; and there is nothing elfe concerned, 
but the forces and diredions. 

Scholium. 

It does not always happen that the center of 
gravity is at the loweft place it can get, to make 
an equilibrium. For here if the beam BC be fup- 
ported by the pofts MB, LC ; the center of gra- 
vity is at the higheft it can get ; and being in that 
pofition, it has no inclination to move one 'way 
more than another, and therefore it is as truly in 
^quilibrio, as if it was at the loweft point. It is true, 
any the leaft force will deftroy that equilibrium, 
and then if the beam and pofts be movable about 
the angles M, B, C, L, which is all along fuppofed, 
the beam will defcend till it is below the points M, 
L, and gain fuch a pofition as defcribed in Prop. 
XXXIX. and its Cor. fuppofing the ropes fixed at 
A, C (fig. 21.) ; and then G will be at the loweft 
poirtt, and will come to an equilibrium again. In 
planes, the center of gravity G may be either at its 
higheft or lov/cft point. And there are cafes, when 

the 


' 
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Fig. tbe <%fiter of gravky k neither it its high^ nor 
24^ lowei^ fts may bapp^ in the cafe tsC Piop* XJU 
fo that ^ey who contend^ ^t in <uUe of an equi-* 
librium, the center of gravity mtift aiw^ be at 
the loweft places a)^ much xoifbdcen) a&id know 
little about the principles of mechanics, .or the na« 
cure dT things. 

Thofe diat waiic to fee inore vsuietv^ about the 
sfk>tion of bodies, on inclined planes ; rae prefiure^ 
and dire&ion of the preflure of beams of timb» ; 
centers 6f gravity, and alio the centers of ofdlla* 
lion and percuflion» dec. may confult my large 
book of Mechanics. 


SECT. 


[ B9 1 

S E C T. IV. 

7^ Mechanical Powers ; i£e Sttmg^ 

and Strefs of Itfr^er* . 

PROP. XLIII. 

fN d hahffct^ ^here the arms are of equal let^tbi 
^ if two equul wHgbis hefujpended at the ends^ they 
v^ill be in ejuiUbrio. 

' Tht balance is a ftreight iftflexibte rod or beam^ 
turning about a fixed point 'qr axle in the middl6 
of it ; tb be toaded at each end with weights fuf-^ 
pended there. 

Let AB be the beam or iever^ C the middle 25* 
point' or center of mdtion 5 D, E the weights 
hanging at the ends A and B. Then let the beam 
and the weights, or the wliote machine, be fu^end- 
cd at C. And fuppofe the beam and the weights 
be turned about upon the center C; Hien the 
jjoints A, B being equidiftant from C will defcribe 
equal arches, and therefore the velocities will be 
equal, and if the bodies D ancl £ be equal, then 
the motion of D will be' equal to the motion of E, 
as then: quantities of matter and velocities arc 
equal-, and confequently, if the beam and weights 
arefet at reft, neither of them can move the orfier, 
but they will remain in equilibrip. 

Cor. If one weight be greater than the oiieti 
thai, wdght attdfcde will dtfcend^ and rmfe tbe^fbir, 

% 

Scholium. 
The ufe of the balance, or a common pair &f 
fcaks, is to compare the weights of difl^ent bo* 

dies } 
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Fig. dies J for any body whofe weight is required, be- 
25. ing put into one fcale; and balaijced by known 
weights put into the other fcale, thefe weights will 
ihcw the weight of tKe body. To have a paii^ of 
fcales perfefl:, they mull have tl^efe pn^rties. 
I, The points of rufpcnfion of the fcales, and the 
center or motion ^ the beam, A^-Cr B^ muft be 
in a right line, 2. The arms AC, BC, muft be 
of equal length from the tenter. 3, That the cen- 
ter, of • gravity be 'in the center of motion C; 

4. That there be as little friftion as poflible^ 

5. That they be in equliibrio, when empty. 

If the center of gravity of the beam be above 
the center of motion, and the fcajes be in equili- 
l)rio, if. they be put a Jittle out of that pofition , 
by putting down one end of die beam, .that end 
win continually defcendj till the motion of the 
beam is ftopt by the hai^dle l^. For hfy that, mo- 
tion j the center of gravity is continually xiefcend- 
ingj according to the nature of it. But if the ceni 
tcr of gravity of .the. beam be below, the center of" 
motion-, if one end of the beam be put down ^ 
little, to deftroy the equilibrium; it will retiura 
back and vibrate up and down. For by this motioii 
the center of gravity is endeavouring to defcend. 

;• P R 6 p. XLIV. Prpl^: 

25. ' ^0 make alfalfa balance ; or one wbuiJsin equi^. 
librio when empty ^ and alfo in e^uilibrioy when loaded 
iji)itb uticqual weights. 

Make fuch a balance as defer ibed in the laft 
Pr6j>; only inftead of making the center of mo- 
tion in the middle .at C, make it nearer one end; 
as at F. And make the weight of the fcales fuch, that 
they may be in equilibrio upon the center F. Then 
if two weights D, E, be made to be in equilibrio 
ift the two fcales ; thefe weights will be unequal, 
; ' for 
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fof diey will be feciprocally'as the lengths of the Fig. 
arms AF, BF. That is, AF : BF : : E : D. 25; 

For (Prop. XXXI., Cor. i,) fince F is the cen- 
ter of gravity of D and E, fuppofing them to aft 
at A and B i therefore FA X D = FB X E; And 
FA : FB : : E : D. But AF is greater than FB, 
therefore E is greater than p. 

Cor. I . Hence to dif cover a falfe balance^ make the 
weights in the two f coles to be in equilibrio ; then 
change the weights to the contrary Jc'dles. And if 
they be not in equilibrio^ the balance is falfe. 

' Cor. 2. Hence alfo to prove a pair of good fcaleSy 
they muji be in equilibrio when empty ^ and likewife in 
iquilibrio with two iveights. Then if the weights be 
changed to the contrary fcalesj the equilibriutfi will 
fiill'remainy if the fcalis are good. 

Cor. 3. From hence alfo maybe known what is gain- 
ed or loft^ by changing the weight s^ in a falfe balance. 

Take any weight as i pound, to be put into 
one fcale and balanced by any fort of goods in the 
other.' Since AF x D = BF X E ; let the weight 

AF 

D be 1, then E z= ^r; the weight of the goods in" 

the fcale E. Then changing the fcales, let the 

- BF 

weight E be I ; then D = ^ the weight of the 

AF BF 
goods in the fcal6 D. Then g^^ + jp = wholp 

AF BF . 

weight of the goods, and -gji ,+ ^ — 2 = gam 

to. the . buyer in 2 lb. &c. Therefore • 
AF' + BF» — 2AF X BF ' • . iu 

. ., AF X BF •"": ^ g"'" ^" " *^- = 

AF-r-BFY , AF — BFr : . .■■ ■ ,. • 

_ — L • and = — =r=r- r= gam in 1 lb. 

AFXBF ' 2AFXBF ^ - 

There. 
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Fig. Therefore if te; Is any weight to be bought; lh» 

25. gaii> to the buyer^ for the weighi: w, by chaining 

the fcajes, will be Vp^br ^* ^^^ example^ 
if AFbe 16, andBF 15; thcr^ the gain will be 

16 15 ' 

2X16X15 4«^ 

Scholium^ > * 

In demonffrating the properties of the mecha- 
nical powers I fincc the weight is^ ctMntnonly fotiie 
large body whpfe weight h to be over^onje or ba- 
lanced i therefore the power which ^£t% againft it, 
will be mofl; fitly reprefented by another weight y 
^d thus the power, and weight- being of the wrnq 
kind, may meft properly and naturaily be cona« 
pared together. For fuch a weight may reprefent 
syiy power, a^ the ftrength of a ftian's h^d^ die 
force of water or wind, &c. And this weight re- 
prefenting the power, being fufpended by a rope, 
may hang perpeodkular where the power is to aiEk 
perpendicular tg tl^ horizon ; or may go over a 
puuey, when it afts obliquely. 

PROF, XLV. 

26. -(T '^^ power and weight he in equilibrio upon any 

27. kv^^ wid aa in Hnes perpendicular ta the lever % 

28. then the powfr P is to the weight W ; as the dif- 

29. tame of the weight from thlfupp^t Q^ is to the dif 
fance of the pw^fr frcm the fupport. 

There -are four forts of levers, i. When, the 
fupport is^ between the weight, and the power. 
2.' When the weight is between the power and the 
fupport. 3. When the power is between the weight 
and the fupport. 4. When the lever is not ftreight^ 
but crooked, 

A-ie- 


r 

!« 
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A leva: is. any inflcxiWc rpd of beam, of wood Fig^ 
or metal, tiubde ufe of to move bodies. The fup- 26. 
pprt ia the prop it refts on» in moving or fuilaining iy. 
any heavy bqdy, and this is the fame as the center 28. 
of motion* 2^ 

Let die power F a£i: at A by means of a rope ; 
then as C is the prop or center of motion, if the 
kver be made to move about the center C, the 
arches defcribed by A and W ; that is, the veloci«» 
ties of A' and W will be as the radii C A and C W. 
But the velocity of P is the lame as that of the 
point A. Therefore velocity of P : velocity of 
W : : CA: CW: : (by fuppofition) W : P ; there- 
fore P X velocity of P = W X velocity of W.* 
Con&quently their motions are equal, and they 
caiinot move one another, but muft remain in equi*- 
librio. And if they be in equilibrio, they muft^ 
have this proportion affigned* 

Cor. I. If a power P aii olUquely againji the le- Z^* 
ver W A •, the power and weight will be in equilibrio^ 
when the power P is to the weight Vf \ as the Of- 
tance of the weight Cyf^ to CD the perpenditular^ drawn 
from the fupport to the line of direHion of the power. 

For in this cafe WCP becomes a bended lever, 
;^id the power P afts perpendicular to CD a^D ; 
and (Ax. 12.) it is all pne .whether the power afts 
at D or A, in the line o£ direction AD. And hence. 

Cor. 2. If any force he applied to a lever KQ^ 
at A, its power to turn it about the center of motion 
C, is as the fine of the angle of application CAD. 

For if CA be given, CD is as the fine of CAD. 

. Cor. ^. In a ftr eight lever ^ of thefe threes the 
power J the weighty and the preffure upon the fupport j 
the middlemofi is equal to the fum of the other tw,o. 

For the middle one z&s againft both the others 
and fypports them* 

Cor. 


— "ii.. 
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Fig. Cor. 4. Frofk the foregoing fnop&rim of the le^ 

30, wr, the effects of feveral forts of fimple macUntk 
may he explained ; and likewife the manner 4ff lifting:^ 
carryings drawing, of heavy bodies^ and fucb like. . 

26. For example, if a given weight W is ta be 
raifed by a fmall power ; applied at Av the end of 
the lever AW. If we divide WA in Cy fo that it 
be as CA : CW : : as the weight W : to the power 
P ; then fixing a prop or fupport at C or rather a 
little nearer W; then the jpower P with a fniall 
addition, will rjufe the weight W. . , . 

27. Again, if two men be to cany a weight W, upon 
tiie lever CA. The weight the mian at A carries, 
is to the weight the man at C carries as CW, to 
AW. And therefore the lever or beam CA ought 
to be divided in that proportion at W, the place 
where the weight is to lie, according to the ftrength 
of the men that carry, it. 

31. . Likewife if two horfes be to draw at the fwing- 
tree AB, by the ropes AF, BG ; and the fwing- 
tree draws a carriage &c. by the rope CD ; then 
the force afting at A will be to the force afting at 
B, as BC to AC. And therefore *BC ought to be 
to AC, as the ftrength of the horfe at F, to. the 
ftre^th of the horfe at G ; the weaker horfe hav- 
ing the longer end. But it is proper to make .the 
crofs bar AB crooked at C ; that whea the ftrongef 
horfe pulls his end more forward, he may puli* 
obliquely, and at a lefs diftance from the center j 
whilft the weaker horfe pulls at right angles to his 
end, and at a greater diftance. 

Again, fuch inftruments as crows and handlpikes 
are levers of the firft kind, and are very ufeful and 
handy for raifing a great weight to a finall hight. 
Alfo fcilQEars, pinchers, fnuffers, are double levers 
of the firft kind, where the joint is the fulcrum or 
fupport. The oars of a boat, the rudder of a Ihip, 
cutting knives fixed .at one end,, are levers of the 

fccond 
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fecond kind. Tongs^ fheers^ and the bones of Fig. 
animals, are levers of the third kind, a ladder raif^ ^ 
ed upright, is a lever of the third kind. A ham- 
mer drawing out a nail is a lever of the fourth kind. . 32* 

The Suel Tard is nothing but a lever of the firft 
kind, whole mechanifm or conftru£Uon is this*. 
Let AB be the beam, C the point of fufptofion ; 
P the power, movable along the beam CB. The 
beam oeing fufpended at D, move the power P, 
along towards C, till you find the point O, where P 
^reduces the beam to an equilibrium. Then at A 
hang on the weight W of i pound v and move P 
to be in equilibrio with it at i ; then hang on W 
of 2 pound, and fliift P till it be in equilibrio, jat . 
2. Proceed thus with 3, 4, 5, &c. pounds at W, 
and find the divifions 3, 4, 5, &c# Or if you wUl; 
after having found the points O, i ; make the di- 
vifions, 12, 23, 34, &c. each equal to Oi, But 
for more exadlnefe and expedition, having found 
. the point O, where P makes the beam in equilibrio : 
. hang on any known number of pounds, as" W ; 
and move P to the point B, where it makes ati 
equilibrium. Then divide OB into as many eaual 
parts as W ^confifts of pounds : mark thefe divi- 
..fions I, 2; 3^ 4, %cc* Then any weight W being 
fufpended at A.' If P be placed to make an equi- 
librium therewith ; then the number wher? P hangs 
will fliew the pounds or weight of W. 

. To prove this, we muft obferve, that AC is the 
heavier end of t]^ beam 5 therefore let Q be the 
Momentutn at thiat end. to make an equilibrium 
with P luipcnded at O ; that is, let Q^ n CO X P. 
But (Cor. 2. Piop. XXXVI.) Ct+ CA X W =r 
CF X P = CO X P 4- OF X P. Take away Q 
= CO X P, and then CA x W :;; OF X P. 
Whence AC : P : t OF : W. But AC and P are 
always the feme \ therefore W is as OF ; that is, 

F . if 


Hg. if OF be 'I, % 3, &t-;divifions, then^^is i, ^, 3, 
32. &c/|)OUiids. , 

"We may take noficc tliat tKe tKvHioitis'Oi, ij!, 
23, &c. are all equkl^ %iit CO may "be greater or • 
^leffer, or nothing. \ 

If you Would kiiow 'h6w much %c 'Weight P is, 

ttike the diftance CA, and fet it from O dong the 

'^ivifioiis O^ I, 2, 3, &c. iand it Will reach to the 

humb(6r of pounds. ' But this is of no cbnfequence, 

*being <Jnly matter of curiofity. ' 

PROP. XLVi. 

^3« In the compound lever^ or where Jeveral levers aSi 
upon one another^ as AB, 'BC, CD, kn^hofe fupports 
are Fv G, 1 5 the powerV : is to the kveight W : ; 
^j BF X CG X-Dl : /^ AF X BG X CI. 

For the power P afting at A : force at B : : BF 
AF •; and force or power at B : force at C : : CG 
.GB •, and force or power it C : weight W : : DI 

f IC. Therefore ex equoy powef P : weight W : 

i iF X CG X DI : AF X GB X IC. 

! And it is the fame thing in the other kinds of 

levers, taking the refpe6tive diftaricesi from the fe- 
veral pnops -ox fupports. 

PRO V. XLVIL 

34. In the wheel and axle 5 the weight atid power will 
he in equilibrioy when the power P is to the weight 
W •, as the radius of the axle CA, yobere the weigbt^ 
hangs '^ to the radius of the wheel CB^ where the 
power /ills. 

This is a wheel fixed to a cylindrical roller, 
turning round upon a teieM axis ; and having a 
rope going rounci iCt 

Thro* 


i 


f 


I B 


ta.tf' 


( 


^C'' L^^ 






V. 


«^ •■ 1..^^ '^nJQIi- 


I ' « 


' » > 


TOkkvcf .Ae center of tl^e wheel C^ draw .the hori- Fig* 
ajontal Ijlrtt BGA, Then gP arid AW are.peipcp- 3:^ 
dkui^ m BA ; >nd BCA vtjl be ^ ^evelr whofe 
iupport is C i aad the power afts always at the dif- 
tance BC, ^n^ the weight j^t the diftance C A ; 
Wliich retnam always the fame; Therefore the 
Weight and power aSt always upoii the lever BCA. 
9ufc W .th« propc;rty of fl^e lever (Prcjp. XLV.) 
BC : CA : : ^ : P, to.hav;e ^ equaibrium. 

If 'the wlieel 13^ fet i moving thi vtlocj ty of the 
|)oint A or ef W, us to th^ of B or P, as CA 
to OB ; that k <by fuTO<^tion), as P : -^. There- - 
fore W X .velocity ^ W = P X yclocity of P ; 
therefore the nkxtioils of P and W^ being .equal, 
they cannot, ^en at reft, .move one anoCher. 

Cor, 1. If ibe pbw^ aaing At the radius CB, all 35; 
fifit at ri^t an^h $0 it ; dr^^xp CD perpendicfclat td 
BP the direSion ff jhe^p^^}, then the power ^ : is 
io the weight W : i as the radius of the axk CA : ta 
the perpendicular CD* 

For in the lever DC A, 1;i^hofe fiippprt is C, the 
power P : weight W : : CA : CD, 

Gpr. ^. In a roitef ttifned rounds tm the axis of ^6. 
fpindle FC, by the handle CBG •, the powef applied 
perpendicular^ to tj^ at ^^ is to the weight >W : i 
as the radius of the roller DA, to the length of tht > 
handle CQ. 

For in turning roi^nd, the point^B defcribes the 
circumference of a cirqlc ; the fame as if it was a 
wheel whQjfe.r^dius is CB, 

SCHOLIU.M. 

AU this is upon fuppofitip)! that the rope fuf* 

- taining the weight is ef po fepfibie thicknefs. But 

if it is a thick rope, or if there be feveral folds of 

F 2 it 
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Fig. it about the rolter or barrel; you muft meafure ' 

36. to the middle of the out fide rope to get the radius 
of the roUen For the^ diftance of the weight from 
the center is increafed fo much^ by the rope's ago- 
ing found. 

From hence the eflfedb of feveral forts of ma- 
chine, or inilrumeiKs, may be alccounted for. A 
roller and handle for a well or a mine, is t|ie 
fame thin^ as a wheel and^axle, a wind}efs aiid 
a capltain m a (hip is the fame ; and fo is a crane 
to draw up goods with. A gimblet and an auger 
to b^re with, may be referred to the -wheel and axle. 

The wheel and axle has a particular advantage 
over the lever j for a weight can but be raifed a 
very little way by the lever. But by continual 
turning round of the wheel and roller, the weight 
may be raifed to any hight required. 

PROP. XLVm. 

37, In a comhination of wheels wHb te£tb ; iftbepow-^ 
er P het& the weight W : i as the prqdua of the dia- 
fneters of all the axles or pinions^ to the product of 
the diameters of all the, wheels j the power and weight 
will be in equili-brio. 

AC» GD are the radii of one whejel and its axle j 
DG, GH, the riadii of. another ; and HI, IK arc 
thofe of another. Thefe aft lipon one another at 
D and i;!, then as the power fir force P is propa* 
gated thro* all the wheals and axles to W j we 
mull proceed to find the feveral forces acting upon 
them, by Prop. XXXVa Thus, 

CA 

CD : CA : : P : ^ P = force afting at D. 

,^,, ^^ CA^ ^ _, GAXGD 

and GH : GD : : ^ P (force atD) : cDxGH^ 

z: force ading at H. . ' 

and 


Sca.IV.-'MECHANiG POWERS. 69 

, CA X GD Fio-. 

and IK : IH : : ^p ' <, qjj P (force at H) : ^x 

CAxGDxIH- ^ - „r * .^« 
CD X GH X IK ~ "* *' ~ ^ ^ 

GD X IH X P = CD X GH X IK X W v whence 
P:W::CDXGHXIK::CAXGDXIH. • 

\ 

Con I. If the weight and power be in equiUhriOy 
and made to, move ^9 the velocity of the weighty is to 
the velocity of the power ; as the produSl of the di am- 
meters of" all the axles or pinions, to the product of 
the diameters of all the wheels. Or inftead^ of . the 
diametersy-'iake the number of teeth, in thefe axles and 
wheels that drive one another. And the fame is true 
€f wheels carried abotft by ropes. . 

For the 'poWcr is to the weight ; as the velocity 
of the weight to the velocity of the power. And 
the number •<)f teeth in- the wheels and pinions, 
that drive one another, are as the diameters. ' And 

the ropes fupply the place of tceth» 

' . . < . ■. . > . . 

. Cor. 2. h a combination of wheels with teeth. The 
number of revolutions bf ihefirfiwheely is to, tie numr 
her of reifMutipns of the hift imheeL, in. any. tme% 
as toe pfodtM of \ the diameters (f tht pinions or 
tfX&jT, to the pfoduSt of the diameters of the wheels: 
cr as the produS of the number of teeth in the, pi^ 
rtions^ to the pn'oduS of the:,mmher of teeth in the- 
wheels which d^vethim. An4*the fame is true of 
wheels going byzc^ds. 

For as often as the number of teeth in any pi- 
nion^ is contained in the dumber of teetkbf the 
wjicelthat^drivei it ; fo many: revolutions docs^thac 
pinion make for one revolution of the wheel. : 

- ' Scnbvivu. - . 

A pinion is nothing but a fmall wheel, fixed at 
l!he other end of the axis, oppofitc to the wheel ; 

F 3 »nd 
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Fig. and coiififts biit of a few leaves or teeth ; imd there* 
Vj. fore is commonly le^ than the wheeL But ki th* 
^ fcnfe of this proportion, a pinioft may^ if w« 
pleafb, .be b)gger than the wheel. As ff we paf 
the power and weight into die contrary platess; th^ 
wheiirh will become tfai pinions, and wt piniotil 
the whfcels^ according to the meatiing of W$ ptq^ 
|X)fition. 

PROP. . 3SLIX^ 

tf n pd^tvsir fufiainf ^ waght ly mfotf if a jjhi^ 
fuuef \ the fowtr and wHgbi are eipcai f iuS tf tiyt 
j^ulUy ie movable aUng ^itif lie wd^yjiem il^ 
weighs, is d^ubk the fowar. 

A pulley is a (m^U wheel qf wood jiciF oietai, 

-tUrmng rouA^ upon zj^ axis,, fixed m, a block ^ on 

the edge of ^e pu4cyJista^cK)v(;fcir^jtlu^ ro^to g^ 

oyer. , * - • • . . „ .. 

^8. Thro the centers .^ the puUie9fr,dtaw the ho^ 
30. rizontal lines Afi, CDs theft will A B rcprcfcnt 4 
* leVir ^f ' the &ft kfod^i^jnd ks ftj^pofi is thi! cen- 
ter qf the pulley^ wMdl is^^^&ted poiiiv thet^odt 
bexiig findiit F. AnQiiJhe poims A, ami B, whertt 
the p6#er iad weight 4i&, btihg M)tertl% ififtam 
frbm the Aj^pprt^ tboi^re (Pirop* \lJf. ) tM pOl(^ 
P = weight W. . . \. 

Alio CD i^i?iEe|itr a l6ver ojF ^ fecond kind^ 
iMiofe fu{^}0rt is at Q a fixed pdniv.^ rope C3 
being fixed at G. And the weight W tf^kig « 
the middle of CD,' »UI die pbwer a&ing at D, 
jtwfcetbt diftanceifkiim C ^ thereifefire {Plop, Kl-^Vj 
the powbr Pis 00 the weight^ W: : as ^C^ c« 
CD; hrisi-tbi* .: ..:;.' 

Con Henci all fi^ifmlkfsi^e kvers of the Jirjt 

' lin4^ Mdferve wly to change Mbi'^^reSion ff tbe^ 

moiiifn % But make na addition at dl t^ the fower^ 
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And tberefot;e if a rope goes over, fever at fixed pul- Figl 
Iies\ the power is. not increafed^ hut rather decreafed^ jfi. 
hy the friBion. 29* 

Scholium. 

. *Ffe? Vi^.pf ^i^ed, p\iikx is of great fervice in 
laifing ■ ' 

Wl|>r^ 

H§»fl^<i ^y^- (fig. 38.) andi|iafled over the pulley 
BA y a,^5)^n ^ing h,old at P will draw up the 
wd^h^ lyitpjput moving from the place. And if 
^ "V^gfeS ;b?,lajge, feveral perfons may pull to- 
tF0»ff:. at.jj^., to r^O; t^ie weight up j >yhere in ma- 
|iy c^% ^ft^. <;aano^ come to it, to raile it by 

• P ROB. L. 
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In f c^n^kfpatifm of pulUeSp , all drawn by one rope 4a 
going over all the pullies \ if the power P is to the 
weight W ; as 1 to the number of the parts of the 
rop6 ptsfice^ng from tb€ movable block' and pul&es^ 
Then the power and weight will be iu equHibriQm 

X^ thsrope go fmm. tic power about the p^* 
lies in tht& order^ ntffdrs^ where the; hSt. part s h. 
fixed to the l^wer block. B. Now (Ajc. 13.J all 
the pai ts of the rope ntovxs are equajyiy ftretched,, 
and.thej^^^re each of them bears an equal wdght ; 
put ^t p^ri n Jbf ars tfee power P, which goes* ta 
the fiijced Hocjl h: • .^W Ae other part^, fuftain thQ 
weight ahcf -qiibyablij-^blocfc' B, each with a forcO; 
equ^l to P.' Th€(^lforeP is^to the fum of all the 
Forces, "i^lffame^^ tiy V, H V ^ % or the weight 
W, asi^ I'td'tke i\ui^bcr of fhefe ropes immediate* 
Jy cqm^rrijimc^ting with the moveable block R And 
all tlie Vopes fiayip^ an equal tenfion, none of 

^^^ F 4 . ^■ ■them? 
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Fig. them can move the rcfty but they muft remain in 

40. equilibrip. 

And if you take away the power at P, and ap- 
ply a. force at the rope / equal to P, to pull up- 
wards in diredtion /A ; this will make no alteration, 
for the rope / draws from the movable block with 
the fame force as before, and therefore the weight 
is fullained as before y for the upper pulley (by 
Prop. XLIX. Cor.) which the rope nt goes over, 
ferves only to change the direftion. - And there- 
fore as there are the fame number of ropes fUIl 
drawing from the movable block as before ; the 
propofition holds good alfo in this refpeft. And it 
, would be the fame thing if the rope s was fixed tq 
the weight W inftead of the block B ; but had it 
teen fixed to the block A, there muft have been a 
pulle;y mgre belqw, and a rope more, which would 
have increafed the power, according to (he pn>po« 
fition. 

Cor. f . Hence it appears to he a Sfadvantagi id ibi 
power to pull agmnji the fixed block. . 

For the rope n has no more purchafe, or no more 
efFefb than the rope t has which draws againft the 
movable block ; and therefore when one draws by 
the rope », there muft be a pulley mwe, which 
will create more fridion. 

Con 2. Hence one may eixplain the effeSs of all 
forts of machines compofed of puUies\ or find out 
fkch a cofi/lruShn or combination of them as to^ an^ 
^ fwet aftf purpofe defired. And to find its forccy be- 
gin at the power y and call it i.; then all parts of the 
running rope that go and return about feveral pullieSf 
muft be e0cb numbered alike. And any rope that ails 
againft feveral others muft be numbered with the fum 
oftbefe. And fo on to the weight. 

For 
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For example -, foppofc a man wanted to draw him- Fig* 
ielf up to the top of a houfe or a church. Get a 41. 
pulley A fixed at the top, and place another B at 
thef bottom. Let a ropfe be fixed to the upper 
btock A, and brought down about the pulley B^ 
and theh put round the upper pulley, and fo 
brought to the ground at H* Then if a crofe 
ftick GD be fattened to the block B by a rope ; a 
(nan may get aftride of the ftick, and then draw 
himfelf up by the rop^ H. And the power" to draw ^ 
hinrifclf up, will be litdfe more than y 'of his 
Weight. For thepower at H, and the two part^ 
of the rope: going about ' the pulley B, fislfcdn aU 
his' wdghtV^nd each of !thcm fuftains one third 

If infi:£ad' of the ftick C0, he takes a' chair to 
fit in ; then when he has drawn himfelf up to any 
hight he pleafes, he may fii the rope M to the 
chair, and then do any fort of bufinefs, as fet up 
a dial, point the walls, and fuch like, as is com- 
monly done. 

Again^ feveral tackles are ufed aboard a fliip, 43^3 
for hoifting goods and the like. Let A, B be two 
blocks widi pullies, the upper one being \fi^ed, 
tod let a Weight W be fu^ended at the fingle pul- 
ley and rope, one end of the rope being fixed at 
F, and the other fattened to the movable block B. 
This pulley afid rope BCF is called a Runi^r. Let 
the power oe at P, call it 1 ; then all the ropes go- 
ing from B to A, mutt be each of them i, and 
the rope going from the block B, afti'ng againft 
thefe four miift be miarked 4, ' and the onier part 
of it CF ihutt alfo be 4, -Laftfy, the weight aft- 
ing againft thefe two, mutt be 8.. And then the 
power P is to the weight W, as i to 8. 
. ABCD is* another tackle with a ruhqei; BAD, A 43? 
being a fixed pulley ; the 'two blocks B,, G, are 
toth movabjc. The ropfe -DAB is fixed^-to the 

weight 
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Figr vio^ht zx D> arxd ta tfe^ hl<»5k B. The rope Pff 

'*3p gws^ and rcw^is, ahput tlw pulliqs BC, aqd at- laft 
ift^f>ftw4i tp theblfKrk C Let P be the power, 
markit liir ^"f ^ othrr.p^s. o£ rf^e rojpe between 
tW bJiogli^* n?uft ^o. bq. j^ ^giopc. Thf n CI aft- 
i^a^nftaj mujOfcb^3, AjadABis4» 4&it?.a5 
agaii?qf 4 J wvifc AD- xn\Ml be. 4- Therefore thjr 
wnAjf;^:6>r.cc tha(t fixll^.thp ^ci^ W is 3 and 4, 
or >^ Aiid the power ta thc^ weight a^ i to 7, 

-44* . Thfi fpHowing is a iprt ^f ^^»/}^ i^jr^o;rp A and 
F arc^ two fiwd puUies^ (P and; B t^o moyabl© 
0W5i Thi? jrcq;>e. goipg "ftom the power P, goes 
iQiiod* (^^ B, ' and A^ aSd is faftened to the block 
^' Aho^ec mpe is faljiened to t^e block B» and 
goes over the pulley F, and is fixed to th^ 
))lo(ckC?. Then mai^iagthe powexP, 1. Then 
^a^. p^ of the rope, fpmuiuiofd av.i^ C, B, and 
A tqB ffain- muft be ?pch i. Then FC muft be 
^ a$i it a6ts a^ainft t:wo parts ; and Ukewife the 
C)thef: part df it FB muft be 2. Then thp vholc 
that lifts the weight W, is i + i + i. -4r 2 z:; 5, 

^ - Aa4 th^refoue the|K)wer is td the wdght a^ i to 5! 
,^h« ^ii^kioA l?etw^en .thp pullies apd blocks ji 
fwie^iipp Mnfitjcrahle. To reiwdy which, thsy( 
iiwfl: bt as large as they cap' conveniently be m^e^ 
apd kcptuwled or grea^^. , 

• TTt&t LI. 
45- Xti'fkf'fiffiWy if tpe. fazper applUi a$ ..1£^ h If 

^ tkr^^d^ of the far m^ takjsn parallel io the axix 
i^U^.fsJ4 tbt arcumfere^fjcc' defcribed iy ibc power a^i 

» I t ; . • 

' ' i 

A fcri^ is an inftrument confiiling of two part$ 
JliRy, <^ . i^ting into one another. A6 is. the male 
fo^w,) c#&^ the tc^ or fpindle ; this is a b'ng cy-r 
lijwlr^Vpgfiy;^ having its furface cut into rifigef 
.:■..""*' "and 
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and hollows, that run round it in a fpiral manner Figi 
from one end to Dh« ^Gltbev, aft equal diftances; 4^' 
riiefe 0&ig» ape ca]k4 thm^>( aad fb mac^ revo* 
kMMA^ as (heyf inake^ ia. iiiftny ^ceiKJi/B tlie&Foir 
contains. CD is the fi^eifi ^fcvx, ;C^ ^ t^^ 
thro-' whkh the- od!le!^!gp««r;i iisr coaca^i^ is. tfut in 
the iarxt^ mtiAMi^ a^ t^Cn^al^^ fa tk^t t^ ladgea <^ 
the M^ m^ es&L&iff:Mtthb httfcws •f the feioftte. 
j^ red&n ef ^ mH^hg ^ the dMaide^ a» thf 
hi^d^ £|F 19 .twn4^ iMlf^iwi^ er ulie ethec, th? 
male AB goes further in or comes further out; of 
the feiiale. .,- ^: / 

Lpt i|he poifiH £ olth^ ^wdfey make^OM fevotur 
tknj fhdi) the imh ASH ^U^h^^ejirfw^ced the di^ 
tance l3!»twe^n One^threndinndr aiiMher|,of the icrrai. 
Therefore if <J WBf<iift»t w^ wefgj«, which th^ 
cfid B ,<^r 8gaiiift»'af i7Blr.be moused thro' the 
breaddli ^f a thi^ad^. iffhilA the ponqer inovea thr^* 
% «ir€toifefence whofeartdiwft it £iC, Thereft)te 
fhe i^ikpf^i^ 9£ GR.da^M the velocfty^^ £, aa t\m 
brfiftdit^^o£4 threadvt^thie eiiKiAmfew^ 4e$:ribe4 
bjrpra that- is (l^ 4^ppo6tioft> ai^ tWr p^W 
to the «^ght at G„T TJierefbre E :x velocity of.|p 
. p G X Vetoeily pfeiOi^, gnd thcMioMre «h«ir moMons 

• I I * 

, Con' J^, rjfij/^» ■ "i^jh fr}£tion^' 1/ .^;ix W^.^&Z' t^ 
to be remgved hy <i.p^^i ibe pofwefnmji he'-l^ 
the weight), at lea/astl^'preadth ofitkvf threads j^ 
fbe fcn'du^ t^ the circumference defer i^ei Jrj 'ttiipowWS 
to keep the weight in equilibrioi and muft be much 
$nore to move it, 

For in the fcrew there is io much fridion, that 
it will fuftain the weight when the power is taken 
away. And therefore the fridion is as great or 
gf eftef tflaq the power. And therefore the whole 
power applied muft at leaft be doubled to produce 
ftny motion. 

Sqhq* 
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.... -- Figi 

P R O P. Lir. 

In the endtefs fcrew^ where the teeth ^f the worm 4^« 
cr JftnJle AB^ drives the wheel CD, iy a£iihg againji^ 
the teeth of it. If the power applied at P, is to the 
weight W, ailing upon the edge of the wheel atCxz 
as the diftance of two threads or tee/h^ between fore 
fide and fore fide^ taken along AB ; is to the circum^ 
ference defcribed by the power P. ^ben the weight 
and power will be in equilibrio. 

The endlefs or perpetual fcrew is one that turns 
perpetually round the axis AB ; and whofe teeth 
fit exaiftly into the teeth of the wheel CD, which 
are cut obliquely to anfwer them: So that as AB 
turns round, its teeth take hold of the teeth of the 
wheel CD, and turns it about the axis I, and raifes 
the weight W. 

For by one revolution of the power at P, the 
wheel will be drawn forward one tooth 5 and the 
weight W will be raifed the fame diftance. Thcre7 
fore the, velocity of the power, will be to that of 
the weight 5 as that circumference, to one tooth : : 
that is (by fuppofition) as the weight W, to the 
power P. Therefore the power P X velocity of 
P n W X velocity of W ; therefore their motions 
being equal, they will be in equilibrio* 

Cor. l/a weight N be fufpended at E on the axle 
EF ; then if the power P, is to the weight U : : as 
the breadth of a tooth X EF, to the circumference 
defcribed byP >^ CD. They will be iH equilibrio. 

Or if the power P ; is to the weight N : i as ra- 
dius of the 4y:le EU to ibe raJ&ut of the hMdleFP 
X by the number ^f teeth in CD % they will be in equi^ 
Ubrio. 

For 


mallei to BF, BE; then ^I^tie fides df *c 'piral-'liig. 

4dogram «EGF ait equd. Hie tri«igfcs EGSJ, rfi. 
*ADC arc fima^r; f6r drtW EOF ivhich Wffl %e 

^eqp. to AB<i then the ^right angled trian]^cs AfcB, 
AEO, are fimilar, and the angle ABE t:z A^O tt: 
A<:» ; that is, GBE — ACD, and lifceivTJfe WE 
= ADC, whence CAD = BEG. 

Now tet BG be the force afting at B, in -direc- 
tion B A, perp, to CD ; then (Prop, IX.) the forces 
againft the fides AG, A©, •will be in the direftions 
EB, FB; and therefore EB, EG wiUrropiefent 
thefe forces (by Prqp, VIII. )» when thcy/lcti^pr<Mic 
another in equilibrio. Therefore forte BG a;y(Ai- 
cd to the back of the wedge, is to the /fctoee^fiy 
perp. to the fide AC ; as BG to B£ ; that )is, ^(hj 
iimilar triangles) as CD to C A. ■■. ^ 

Cor. I. The p^wer ailing again/i the iack at J^is 
to that fart of the force ogai^ AC, which ^oBs^-* 
ralUl to the Back CD \' as J he back CD, is to the 
hight AB. 

For divide the whole force BE into the two -BO, 
OE ; the part EO ads parallel to CD ; theteforc 
the force ading at B, is to the force in /dire(£Uon 
OE or BC ; as BG to OE ; that is, (by Similar »i- 
angles) as CD to AB. 

Cor. 2. By reafon of fbe ^edf frtllion of the 
^edge^ the power at B, fniyi be to the r^jijiance 
yigainft one fide AC ; "at leaft as t<vice the bafe CD r 
to the fide AC, taking the refijtdnceperp. to AC. 
Or as twice the bafa CD, to the bight AB, for the 
refiftance parallel to the bafe CD ; to o^jercome- the re- 
'Jiftance. But the power mujl be doubted for the refif- 
tance againft both fides. 

For fince the wedge retains any pofition it is 
^ driven into ; therefore the fridion ipuft be at leaft 
equal to the power that drives it. 

Cor. 
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xncntswitha fliarp point, as naik, bodkins, nee- Fig. 
dies, pins; and all inftrumeBts to cleave, cut, flit, 48. 
chop, pierce, bore, and the like. And in general 
all inllrumcnts that have an edge or point. . , ^ 

This Prop, is the fame as l:*rop. XXXI in my 
large book of Mechanics, . but demonftrated after 
a different way \ and both come to the fame thing, 
which evinces the truth thereof. . 

In this Prop. I have ftiewn under what circum- 
ftance, . the wedge is in equilibrio ; and that is, 
when the power is to the force againft either fide ; 
as the back, is to that fide., : Therefore it muft be 
very ftrange, that any body fliould underftand it, 
as if I had faid, that the t)Ower is to the whble • > 
refiftance -^ as the back, is to one fide only* Th^ 
that do tUs inuft be blind or very careleu. . 
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» at its utnioft exiteftt; thstt tBofc in the inidc^ Fig*, 
between F and £ will h«v€ but half the tcnflon, and 4^ 
thafc at all other diftances^ will have a tenfion pro- 
portional to that diftaoa^. This t>einff fettled, l6t, the 
Htmoft tenfion of »F be = i j then me tenfions at », 

^ .„ , En Eo Ep ' ' 
0f f^ Sec* will be g^ jgp gg Sec. and the fcvei. 

ral forces, thefe exert againfl: the point A, by mean^ 
of th^ bended levers FEA, »EA, cEA, &c* will 

^ Ei^ 2Fx EA EFxEA' EJF X EA ^^- ^** 

1^ fufp of all is = fep"^ ' ^^ X imo EF* + E«» . .. 

-f E*» 4- Ep' &c. to o. But (Arjth. Inf. Prop, 
m.) the funj of the progreflion EP + E»* + E*' 
a?c. to o, B 4 EiF»; Therefore the fum of all the 

I 

' forces exerted at A ^ that is, P = fc. * ;^ ■ ^u x 

e;f* 

^ ^^' ~ 3EA* ^^t P = 4- weight E, therefor* 

EF* 
Weight E =: • X £^» when the beam breaks.- 

in like manner for an)r other depth E^, the weight 

t that wduld break it is = HgA* Whence th« 
weight E to the weight e^ is as Ef* to E;^* ; . thaf 
is, as 'the fquares of the depths ; for -^ is a giveit 

quantity. Therefore the ftrength of the beams, 
^ as the fquares of the depths. \ . 

• . ' 

'Cor. I. Hence the ftrengths of fever al pieces of tBi 
fame timber^ are to one another as the breadths dnd^ 
fquates of the depths. 

For by this Prop, they are as the fquares of the ' 
depths when the breadth is given. And if tKc 
breadth be increafed in arty proportion, it is* evi-^ 

G 2 dent 
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AB is of. But it was fliewn in the laft Prop, that Fig, 
the preflure at A, breaks the fibres F», noy op^- &c. 49^ 
hy means of the bended levers AEF, AEn^ AEo^ 
&c. But (by Prop. XLV,) when the lengths EF, 
E», Eoy &c. are given, and the power at A alfo 
given ; the effeft at F, », Oy &c. is fo much great- 
er, as the ^rm AE is longer i, that is^ the ftrefs at 
the fedion EF, is proportional to the diftance AEj, 
or to the length or the beam AB. 

Cor. 1. If AF itf a beam Jiickhig out of a walU 50^ 
and a weight W bung at tbt end of it. The ftrefs it 
fuffers by. the weigbty at any point. G, will be as tbe 
diftance AG. 

For this has the fame efFe6t> as in the cafe of 
:€his Prop, only turning the beam upfide down. Or 
thus, fuppofe AHG to he a bended lever, whofe 
fulcrum is H ; then fince GH is given, and the 
weight W 5 therefore hy^ the power ctf the lever, 
the longer AH is, the more force is applied at G, ^ 
^ or any other points, in GH, to feparate the parts ' 
* of the wood ; smd therefore the ftrefs ife as AG. 

Cor. 2. Tbertforey infffead of a weigbty if any 
force be . applied at tbe end A, of tbe lever AF ; 
tbe ftrefs at any part G, will be as tbe forcey and 
diftance AG. 

For avigm^nting the force^ the flrels. is increafed 
in the fame ratio. 

Cor. 3. Hence alfo if any weight Be upon tbe 45>> 
mddle of a horizontal beam ; tbe ftrefs there will be 
as tbe weight and length of the beam. 

For if the weight be increafed, the ftrefs will be 
increafed proportionally, all other circumftances 
remaning the fame. 

Cor. 4. Tbe ftrefs of beams by their own weigbtj^ 
will be as the fquares of the lengths. 
For here.' the ^iirekht is as the lengtb 

G3 PRO?^ 
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^'^* PROP. LVI. 

51. Jf AB ie a beam pf timber wh^fe Uf^tb is^ivem % 
and fupportei ut tbi 4nds A andB^ and if a gw$^ 
^gbt W b^ placed iit a^ feint ef it G. . Tbejir^ 
4if the beam at G> v^itt be as tie re&angle AGB. 

Let the given weight be W, then <Cor. 3, Prop. 
XLV.) the weight W is equal to the preffurc jjt 

. both A and B, And (Cor. 2. Prop. XAXI.)pref' 
fure at A : prefiure at B : : BG : AG, «nd^rdL A : 
pref. A + pref. B : : 6G : BG + AG ; that », 

, pref. A : weight W : : BG i AB, therefore preffiite 

BG 

at A ;=: -^ W, and this is the force xe-afting at A^ 

15ut (Prop. LV. Cor. 2.) the ftreft at G bf thib 
force afting at the dilfence AG, is as the forest 

r ^ , . AGxBG • 

multiplied by AG ; that 1%^ as '■■ ^ ' yW. But 

W and AB are given, ^d thereforfe th^e ilreis at G 
is as AG X GB, 

Cor. I. The greatejk firefs of. a biam is when the 
Vfeigbt ties in the middle. 

Fpr.the greateft'rei^gk of the par^, is in that 
point. . 

Cor. 2. Tbe Jirefs at any point 1? by a weight at 
Gi is equal to the prefs at G, lythe fame weight at P; 
For when the weight is at W, the ftreft « G is 

* BP 

AG X GB, and the ^^k at P si g^ X the ftrefsat 

A^ ^■. • » . . 

G == gQ X AG X Gfi =.BP JK AG. Again, wheft 

the weight is at P, the ftrefs at P-is AP X PB; 

and the ftrels at G = rp X laft ftrels z= -jp X 

AP X PB :;: AG X PB, liie &inc as befoi-e. 

PROP. 
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Fig. 
PRO P. LVII. 

If the Mfiance rf 4he walk AD and BC ie-gi^eny 5^» 
and AB, AC ie two beams &f timber of eptal thick* 
nefs ; the Me htrizontak the other inctined. And if . 
two equal weights P, Q^ be fufpended in the middle 
of them\ thefirefs is equal in both^ and the one will 
asfoofi break as the other ^ iy thefe equal weights^ 

For <P^p. XIY.; AC : AR r : wdght P : . 

AB 

■yg P zz preffure ag^^inft the plane, or the part of 

the weight, the beam AC fuftains. And fCbr. 3^ 

AB 
Prop. LV-) the ftrefe upon AC is ^ P x AC or 

AB X P.; and the ftrefs oa AB is Q^X AB, which 
is equal to AB X P» becaufe -die weights P, Q^are 
equal. Therefore, the ftrefs being the fan^e, and 
the beams being of equal thickneS, one will bear 
as nauch as the other^ «nd they wiil both break to-» 
gethen 

Cor. I. ff the beams be loaded with weights itp 
any other places in the ftme perpendicular line as F^ 
G ; they will bear equal ftrefs^ and one wiU as foow 
break as the Ahet. . 

For they are cut into parts fimilar ta one ano* 

ther ; and therefore ftrefs at ,F : ftrefs .by P : : 

AB* 
AFC : \ AC*^ : AGB : — : : ftrefs by B.! ftrefs 

by Q or ftrefs by P. Thef tfore ftrefs at F -z:. ftrefe 
at B. 

* 

Cor. 2. If the two beams be haded in proportion 
to their lengths I the Jhifs by thefe weights^ or iy 
their ofOi^n weights^ will be as their lengths \and there- 
fore the kug/tTj tbatjkmds^ajlffe, "A^fU fioHer break: 

G 4 For 
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Fig* For the ftrefs upon AC was ABxP, and the 
5^* ftrefs on AB was AB X Qj but fince P and Q arc 
to .one another as AC and AB, therefore the ftreft 
dn AC and AB will be as ABX AC and AB X ^ 
AB ; that is^ as AG to AB. And in . regard to 
their own weights, the& are alio proportional to 
their lengths*. . : . i 

PROP. LVIIL 

53, JLet AB> AC, :ie two beams of timher of equal 

length and thicknefs^ the one horizontal the other fet 

fiofing: And if CD he perp* to AB, and they be 

loaded, in ihe middle with two weights P, Q,- which 

are to'' one an&ther as AC to AD. ^hen fhe ftrefs 

wilt be ^qiral in both^ and one wiU as foon break as 

the other. . 

AD 
For (Prop. XIV.) AC : AD : rP : ;^ P = 

preflure of P in the middle of AC. And by fup- 

AD 
pofition, AC : AD : : P : Q5 therefore -^ P = 

Q^ the weight in the middle of AB. Therefore 
the forces in the nriiddle of the two beams are the 
fame ; and the lengths of the beams being the fame, 
therefore (Prc^. LV.) the ftrefs is equal upon both 
of them; and being of equal thicknefs, if one 
breaks the other will break* 

s * 

Cor. If the weights P, Q, be equal upon the twQ 
equal beams AB, AC. The ftrefs upon AB will be 
to tU ftr^s upon AC, as AB or AC to AD. The 
fame holds in regard to their own weights. 

For the weight Q^is increafed in that proportion. 

• ■ I ■ 

Scholium. 

Many more propositions relating to the ftrcngth 
of timber might be inferted s as ror exj^mple, tf ^ 

' . ' weight 
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weight was di%)fed equally thro^ the kngth o£Eig#i 
the beam AB (fig. 51.% fupportcd at bath eAds; 53. 
the fltrefs in any point G, is as the reftan^e AGB. 
And the ftrefs at any point G is but half of the 
ftrefs it wi^uld fufFer, if the whole wdght was fuC-« 
pended at G. Alfo if AF (fig. 50.) be a beam 
fixed in a wall at one end, and a weight bediC*. 
perfed uniformly thro* all the length of it. The 
ftrefs at any point G, with that weight (or with its 
own weight J if it be all of a thicknefs), will be as 
AG fquare, the fquare of the diftance from the 
end. And the ftrefs at any point G by a weight 
fiiipended at A, will be double the ftrefe . at the 
iame point G, when the fame weight is diiperied 
uniformly thro* the part AG. They that would, 
iee thefe and fuch like things demonftrated, may. 
confult my large book of Mechanics, to which I 
refer the reader, 

PROP. LIX. 

If fever al pieces of timber be applied to any me^- 
chanted ufe where Jirength is required \ not onlf 
the parts of the fame piece^ but the fever al pieces in 
regard to one another^ ought to be fo adjufiedfor big-- 
nefs ; that the firength may be ahoays proportional ta 
the ftrefs thy are r to endure. 

This Prop, is the foundation of all good Mecha- 
nifm, and ought to be regarded in all forts of 
tools and inftruments we work with, as well as ini 
the fevetal parts of any engine. For who that is 
wife, will overload himfelf with his work tooU, or 
make them bigger and heavier than the Work re- 
quires ? neither ought they to be fo flender as n6t to 
be able to perform their office. In all engines, it muft 
. be confidercd what weight every beam is to carry* 
4nd proportion the ftrcngth accordingly. All le-, 

vers 


Ejgbvcrs muflf be 'maded«>i>geft at the place where 

: they are ftraiftfed the moft ; hi kvers of the firft 

kind, thejr \muft be ftridngeft at the fopport In 

tlK>re of the fiEHcom} kind, a): the weight. In thofe 

of die xk^itd kind, at the power, and diminifli pro- 

^ porcibtmltyifrom that point. The axles df wheels 
and puUks, the teeth of wheels, which bear great- 
er weights, or aA with gi'eater force, muft be made 
ftronger. ^tid thofe lighter, that have dight work 
tD dOr Ropes muft be fo much ftronger or -weaker, 
as they have more or lefs tendon. And ift gtneral^ 
ail the parts* of a machine miift have fuch a dejgree of 
ftrengkh asw be able to perform its ofifce, and no 
more. For ah excels of ftrength ki any part doeir 
no g<!>odj but adds unncceflary weight to the ma- 
chine, which dogs and Ifet&rds its motion, and 
ihakes it languid and deadw And on the <Hher hand» 
a defeft of ftrength where it is wanted^ will be a 
means to make the engine fail in that part, and go 
to ruin. So neceDary it.is to adjuft the ftrength to 
the ftrefs, that a good mechanic will never negledh 

' it'; but wHl cohtrive all the parts in due proportion, 
by which means they will laft all alike, and the 
whole machine wilL be difpofed to fail all at once. 
And this will ever diftinguifh a good mechanic 
from a bad one,. who either makes fome parts {o 
dpfcftive, imperfeft and feeble as to fail very foon ; 
or makes others, fo ftrong or clumfey, . as to out 
4aft all the reft. 

From this generid rule foDows 

Con I. In fever al peets of timber of the fami 
fi»rt ^ or i»digfirentf9rU of ibe fame piece \ tbehreadtb 
^i^tipi if the fytu^re of the deptb^mi^ he as tb^ 
hngib tmlHp&^d by the xffeigbi to be oorn» 

J^or .then the ftrength will be as the ftrefs. 

, I Cor. ^. ^be breadth muHptitd by' the fquare of the 
depths end divided by the produS of the length, amt 
fveigbt^ muft be the fame in alL Cor. 
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Cor. 3. Hence may he computed thejirengtb cf timr- Fig. 
her proper for fever al ufes in building. Jlsy 

1 . To find the dimcnfions of joifts and boards 

for flooring. Let ^, J, / be the breadth, deplk 

and kngth of a joift, n =: number of then), x = . 

their diftance, g = depth of a board, w zz wei^.^ 

then nbdd 'zz ftrength of all the joiiis, aod w/ :ap 

firefs on them, alio nlgg zz ftrength of the boards, 

fibdd hI^z 
3nd wx their fl:refs ; therefore -^ =: -^ ; and * 

Ihz 
— -m^ for the diftance of the joifts, or the length 

of a board between them. Ox b zz ^^ or dd:s^ 

Ugg , . . 

-T-jj and fo on, accprdingto wha^ is wanted. 

2. To find the dimenfions of Ibuare timber fot 
the roof of ^ houfe. Let r, J, / be the length of ^- 
the ribs, fpars and lats, fe far as they bear ; x, y^ z 
their breadth or depth, n the diftances of Ac lats, 

f» zz: weight upon a rib, c = cofine of elevation 

of the roof. Then by reafon of the inclined plane, 

liv . ^ Inw 

-—Xczz weight upon a fpar. And •— = weight 

upon, a lat : for the ribs and lats lie horizontally^ 
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Whence x» =: -^t and xy zz ^;~* Hence if anjr 

one iV, j^, or :{; be^iven, and all the^ reft of the 
quantities -^ the other two m^y be found. Or in 
genera^ any two being unknown, , they may ba 
"found,,, from having the reft diven. 

For example, let r = 9 teet,. s .zz 4 feet, / zz 


15 itiidtic^^ ^n z; 11 incites, ^ zz .707 the qofine of 
45°j^ t^e pitch of the twt Andaffume^ zz zi 


inches 


I 


fft , STRESS OF TIMBER. 

^inches 5 then X :iz2i VtTTZ — 7-i inches. And 

» ** 55 * 

^ = jr i/~ :?: 2 ^ I/— = I 4 inches. 

54, • ■ ji To find the curve ACB, into the forni of 
which, if a joift be cut, on die upper or under 
fide ; imd hcffving the two fides parallel planes, 
which are perp. to the horizon. That the fiiid joift 
Jhall be equally Itrong cv^- where to bear a givea 
. weight, fuTpended on it. 
. Let the weight be placed in the ordinate CD ; 
and the brefadth of the beam, and the weight being 
mv3en \ then (Prop. LIV J the ftrength at C is as 
CD*. And (Prop. LVI.) the ftrels is as ADB. 
Therefore that the ftrength may be as the ftrefs, 
CD* is as the rr&angle ADB ; and therefore the 
curve ACB is an ellipfis. 

$S- 4* To find the figure of a beam AB, fioced witl| 
one end in a wall, and having a* given weight W 
fulpended at the other end B; and being everjr 
where of the iame depth ; it may be equally ftrong 
throughout. 

Let CD be^he breadth at C ; then (Prop. LIV.) 
the ftrength is as CD. And (C6r. i. Prop. LV.) 
the ftreis is as CB. Therefore CD is every where 
as CB, and therefore CDB is a plane triangle. And 
the beam is.aprifm, whole upper and under fides 
are jiatraUel to the horizon. 

56. S* '^^ ^^ ^^ figure of a beam AB, fticking 
with' bne eiid in a wall, and of a given breadth ^ 
having $1 weight W fufpended at the end B ; fo 
that it may be equally flrong throughout. 

\jx CD be die depth at C. Then fince the 
breadth is given, the foength is as CD*. And the 
ftrels as DB; therefore CD* is asDB. Whence 
CD'is a common parabola. 

^ . 6. To find the figure of a beam AB, of the 

"* fiime breadth and depth, fticking in a wall widt 
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6ne end, arid bearing a weight fufpendcd at (he Fig* 
otherendS; fo that it maybe equally ftrohg through- $7^ 

Let CD be the thicknefe at O. Thtrithe ftrengdl 
is as CD% and the ftrefi is as BOi - Therefore BO 
is as CD J or as CO^ And confequently ACB is 
a cubic parabola, whofe^rtex is at B. » " 

7. In like, manner, , if CBD. be a bcAmt fixed with 5S. 
one end in a wall, and allrtjhe fides' of it 'be cut 
into the form of a concave/ paraboU^^ vertex 

is at B/. It Will be ^u^Uy. itBohg throughout For 
fupporting its own weight.' ; .. ' : 

For putting BQ zz x^ CO i: j, theA))y nature 
of the Curv^, ay = 9cx^-l :But: the fqlidiiy 0/ CBD is 

•• — ^ ^ "" And thd^^ center of grarity I, ii difiamt 
4 X from B, thej^fotd (iil ^ 4 jf. Now CD» or 

*» f J I nvyx 

Sji = ftreiigth at O." And CBD x OI or ■ x 

4. Af = ftr^s/ Xherefore die ftrengtb : totlie finds : :. 

IS as 8yV: to ; — : : Sj : — JJTT ? . = 8J -; 

J — " : : 340 : 3.1410^, that js, lii a.^ven la*; 

tio/ And as this happens every where, die fciKA* 
is equally ftrdng in all parts. 

I muft take notice here that the 1 1 6dt Ggaic in 
my large book of Mechanics, is drawn wrong. Ir 
jhould be concave inftead of being convex. 

8. Again, if AB be the fpire of a church which 59* 
is a folid cone or pyramid ; it will be equally ftrong. 
throughout for refilling the wind. For the quan- 
tity of wind falling on any part of it ACD, will 

be as the feftion ACD. Therefore let AO = Xj 
CD = J. And X n ayy then the ftrength at O rr 
jS and if I be the center of gravity of ACD, then 

_ Ol 
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In any machine contrived ta raife great tpeigBts ; ij[ 
the ^ow^r applied^ be to t^e w^eight to be raifed\ a$ 
the' velocity' df the'ipHghly to the velocity df thf 
pomer ; ihe power wilt oi4^ be in equilibrio wifB the 

weights ^^X^^^^f^^ ^P^T^^A^^y f^^,p<^M& V^Jit ^^ ik 
far itkreapd^ as to 'overcome all the frfpiof^ aHdJre-r 
Jlfiance arifing from the engine or otherwife -^ a^ 
then the power will be able to raife the weighh 


# ft*- r«. • * 


A krtatt would 'fee much nii^fteriv who fhkH 
mrfu^-an eftgfne lo V^fe a great iw^eJ^&t;- afki giVfc 
his power no greater velocity, in regard to the vei 
Ibcity^ (rf* the weight* 'than the ^ustfrtity t)#^th^c 
weij^t*h^ iti reg^rd-tb the quantify. oF the pbv^. 
For- when he Has dene that, his'we^ht and- power 
Witt' Uift haVe equal quantities/of tnotion, zts^ 
iflet^fbrfe' ^they^ cannot fct ene aTi9ther* a nroving, 
iSwcf^ft; always it^'im it f eft. . It 4s neqcfflary 
ttiehi that. he do one t)f thefe twotiftbfgs;- i, T%at 
He-rfpply arpower greater/than in tl^at propbrtfopj fi> 
mjieh as to overcome all the fri£Hon and t)ther ac^ 
pid^nt^ refiftarice that m^y^hapngx: and in feme 
engines thefe are very ^af. Wt 2^ JHe nuijit fi> 
continue his engine, that The velocity, of the power, 
which Yiippofe he has. given, nj^y be fo much 
greiater than the velocity oTthej weidhtj as the 
quantity of the weight, fridtipn^ and reuftance and 
all together, is greater than the power. This be- 
ing ^ne, the greater pcwer wiH always overcome 
ffefe tefleri and his engirie VtU wcyrk-. 
« If »^irian does not atti^d to this rele, :he wilPbc 
guilty^'of many abfiird Aii^akes, either tn attempt- 
ing things that are impoffible, or m^not applying 
means proper for »thei]^tirpofe Hence it b that 
cagiioes xondrived for nrdM^l ixiA it^er-works ib <st* 

ten 
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or power applied to the firft part, will caufe it to Fig- 
aft upon the fccpnd with a new power, which 
would be deemed the weight, if the machine had ] 

no more parts. This new power afting on the fe- 
cond part, will caufe it to adt upon the • third part ; 
and that upon a fourth, and fo on till yoij come 
at the weight, which will be afted on, by all thefe 
mediums, juft the fame as by a fimpie machine 
whofe power is equal to them all. 

Cor. I. Uince a compound machine may he made^ 
which Jball have the fame power ^ as at^ Jingle one 
propofed* 

For if a lever is propofed whofe power i^ 1 00 to 
I ; two levers afting on one another will be equi- 
valent to it, where the power of the firft is as 10 
to I, and that of the fecond alfo as 10 to i, or the 
iirft 20 to I, and the fecond 5 to i ; or any two 
numbers, whofe prpduft is 100. 

Again, a wheel and axle whofe power is as 48 
to I, may be refolvcd into two or more wheels 
with teeth, to have the fame power ; tor exam- 
ple, make two ysrheels, fo that the firft wheel and 
pinion be as 8 to i, and the fecond as 6 to i. 
They will have the fame efFeft as the fingle one. Or 
break it into three wheels, whofe feveral powers may 
' be 4 to I, and 4 to r, and 3 to i. 

If a fimpie combination of puUies be as 36 to 
I ; you may take three combinations to a£t upon 
one another, whofe powers *are 3 to i , 3 to i , and 
4 to I. 

And after the fame manner it is to be done m 
machines more compounded. 

And this is generally done to favc room. For . 
when an engine is to have great power, it is hard- 
ly made of one wheel, it would be lib large ; but 
by breaking it into feveral wheels, after this man- 
ner 5 it will gp into a little room, and have the 

H fame 
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3Fig. fame power as the other. • All the inconvenieQccr 
is, it will have more fridion ; for the more parts 
aAing upon one another, the more fri£tion.is.mad0. 

Cor. 2. Hence alfo itfoUows^ that in atrjf compound 
' macbiney its power is to the weighty in the compound 
ratio of the power to the weigbi in all ihefimpk ma- 
thines that compofe it. , 

Cor, 3. Hence it will he no difficult matter to con-- 
tri^e an engine that Jhall overcome any force or rejtf 
fiance ajfigned. 

For if you have the quantity, of power given, as 
well as of the weight or refinance \ it is but taking 
^ny fimple machine as a lever, wheel, &c. fo that 
the power may be to the weight in the ratio af- 
iigned, adding as much to the weight as you judge 
the friftion will amount to. When this iimple 
machine is obtained ; break it or refblve it into as 
many otiier fimple ones as you think proper ; 1q 
that they may have the fame power. 

And as to the feveral fimple machines, it mat* 
ters not what fort they are of, as to the power ; 
whether they be levers, wheels, pullies, or fcrews \ 
but foxne are more (Commodious than others for 
particular purpofes V which a mechanic will find 
out beft by praftice. In general, a lever is the 
inoft ready and Iimple^ machine to raife a weight a 
fmall diflance \ and for further diftances, the wAeel 
and axle, or a combination of pullies \ or, the per- 
petual fcrew. Alfo thefe hiay be combined with 
one another ; as a lever with a wheel or a fcrew, 
the wheel and axle with pullies, pullies with pul- 
' lies, and wheels with wheels,^ the perpetual fcrew 
and the wheel. But in general a machine IhouM 
confiil of as few parts as is confiftent with thepur- 
pofe it is defigned for, upon account of leflening the 
frIAion I and to m^e it (till lefs,, the joints ixmft 
i ' be 
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be oUcd or greafcd. All parts that aft on one Fig, 
another muft be poliflied Imooth. THe axles or 
ipindles of wheels muft not ihake in the holes, buj: 
run true, and even, likcwife the larger a machine 
IS, if it be weU execute4, the better and truer %t 
will wprk. Ancl large wheels and jpullies, and 
(mall ^es or fpindles have the If aft fri(ft:ion. 

The power applied to wtork the engine may be 
men Qr.hprfes^ or it ntay be weight or a ipring; 
or wind, water, or fire •, of which one tnxm take 
that which is nM)ft convenient and tofts the leaft. 
Wind and water are beft applied to jvork large en- 
gines^ and fuch as muft Jbe continually kept going. 
A man may aft for a while againtt a reliftance of 
^ pounds I and for ^ whole day i^aiqft .^d pounds. 
A horfe is about as. ftrong as five men. 

If two men work at a rdl:ler, the hajidjes ought 
10 be at right angles., to oije another. 

When a machine is to go regular and Uniform, a 
heavy wheel or fly mftft be ^plie^ to it. 

Scholium; 

1/ wo things are requited to make a good engi- - 
neer. i . A good invention for the fimple and eafy 
contrivance of a machine, and this is to be attain- 
ed by practice and experience. 2. So much theoiy 
as to be able to compute the effeft any engine will 
have -, and this is to be leamed-fro'm the principle^ 
' of Mechanics. • * . 

PROP. LXJI. 
Tb£ friStion or refiftance arifing by a body movit^ 
upo^ attyfurfaceli if as the roughnefs of the furface^ and 
marly as the weight of the body \ but is not much in^ 
€reafediy the quantity of the fur face of the moving 
jfody^ and is fome thing greater with a greater veloci^^ 

It.is matter of experience that bodies meet wit;h 
a great deal of rcfiftance by Aiding upon one ano- 

H 21 -' * tli^r. 


«6o F R I C T I O rr. ' 

Fig. ther, which cannot be entirely taken away, tho* tfi$ 
bodies be made never fo fmooth : yet by fmoothing 
or poliftiing their furfaces, and taking off the rough- 
nefs of them, this refiftance may be reduced to a 
fmall matter. But many bodies, by their natural 
texture, are not capable of^ bearing a polifh; and 
thefc will always have a confiderable degree of re- 
•liftance or friftion. An^ thofe that can be polifh* 
ed, will have fome of this refiftance arifing from 
the cohefion of their furfaces. But in general, 
the finoother ,or finer their furfaces, the lefs the 
friftion will be. 

As the furfaces of all bodies are in fome degree 
rough and uneven, and fubjeft to many inequali- 
ties ; when one body iS laid upon another, the pro- 
minent parts of one fall into the hollows of the 
X)ther 5 lo that the body cannot be moved forward, 
till the prpminent parts of one be raifed above 
the prominent parts of the other, which requires 
the more force to cffedt, as thefe parts are higher j 
that is,' as the body is rougher.. And this is fimi- 
iar to. drawing a body, up an inclined plane, for 
thefe pTptuberances are nothing elfe but' fo many 
inclined planes, over which the body is to be drawn. 
And therefore the heavier the body, the more force 
.is required to draw it over thefe eminencies ; whence 
the fridion will be nearly as the weight of the body. 

* But wWlft the roughncfs remains the fame, or the 
prominent parts remain of the fame hight, there 
will always be requited the fame force, to draw the 
'iame-weight; And the increafmg of the furface, re- 

* tainirig the fame weight, can add nothing to the re- 
fiftance 01) that account ; but it will make fome ad* 
dltion upon other accounts. For when one furface 

• is dragged along another, fome part of the re- 
fiftance arifes from, fome parts of the moving fijr- 
face, taking hold of the parts of the other, and 

, tearing them offj and this is called wearing. ' Arid 

there? 
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therefore this part of the friftion is greater.in a great- Eig... 
cr iiirface, m proportion to that furface. There is; .; 
likewife in a greater furface, a greater force of co- 
hefion, which ftill adds fomething to .the fri£|Eion. 
But tl^ two parts of the. friftion^ arifing from the 
wearing and tenacity^ are not increafed by the ve- 
locity : . but the other part, of drawing them over . 
inclined planes, will increafe with the velocity. Sa 
that in the whole, the friftion is fomething increaf- 
\ cd by the quantity of the furface, and by the ve- 
locity, but not much. But more in ibme bodies.. , 

than others, according to their particular texture^ 

' " » . ' . 

Cor. I. Hence there can be na certain rule^ to efit" 

: mate the friStion of bodies ; this is', a matter that can 

only be decided, by experiments. But it may be obferv^ 

ed^ tbaty ceteris paribuSy hard bodies will have: /gft re- 

Jijiance than fofter j and bodies oiled or ^eafedy will 

have far lefs. 

For the particles of hard bodies, cannot fo well 
take hold of one another to tear themfelves off. 
And when a furface is oiled, it is the fame thing 
as if it fun upon a great number of rollers or Ipheres. 

4 I 

Cor. 2* Hence alfo a method appears of meafuring 
the friSion of a body fliding upon another body^^ 'by. 
help of an inclined plane. ' \ 

TaJke a plank CB of the fame matter, raife it at 6fk 
one end C fo high, till the body whofe fridlion is 
fought, being laid at C, fhall juft begin to move 
down the plane CB. Then the weight of the bo- 
dy, is to the friftion as the bafe AB,^ to the hight 
AC of the plane. For the preffure agaihft the 
plane is the part of the weight that caufes the 
friftion, ' ahd the tendency down the plane is equal 
to the friftion. And (Prop. XIV.) that preffure \sk 
%fi the tendency as AB to AC* 

Hg 
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Fi^. U you pafh t&e bod;^ fix>m C downward, and 

€>o. obferve it to keep the feme vdocitv thfo' D to B ^ 

then you will have the fridion for tnac velocity. M 

it mtves&s it» vtetocityi tower the jend of the tdank 

C} if it grows flower, nufe the end C, till yoa 

get the body to have ilie £im6 velocity quite thro* 

tho plane. And ib you wilt find what elevations 

afe proper for each velocity i and from thence thtf 

tatio of AB to AC, or of the weight to the friftion. 

Th^re ,i5 a way to make the experiments by draw- 

^ li^g the body along a horizontal plane, l^ weights 

; hufig at a mmgj which goes over a puUey i but the 

method here ddcribcd is, more eafy and fmiple, 

ScHOLiPMk 

From ^liat has been before laid down, it will be 
cafy to underftand the nature of engines^ and how 
to contrive one for any piirpofe affigncd. And 
l^ewife having any engine before us, we can by 
tbq fame rules, compute its powers and operations. 
. Engines are of various kinds ; fome are fixed in 
a particular place, where they are to aft ; as wind- 
jniUs and water-mills for corn, fire engines for 
drawing water, gins for cqal pits, many forts of 
xttillsj pumps, cranes, &c. others are movable 

, from one place to another, and may be carried to 
any place where they are wanted, as blocks, pul- 
lies and' tackles for raifing weightsi^ the littinjg 
Uck, and lifting ftp^k, clocks, watches, fmall bel- 

\ lows, fcales, fteelyards, and an infinite number of 
others. Another fort of engines are fuch as are 
made on' purpofe to move from one place to ano- 
ther, ftufh as boats, fhips, coaches, carriages, wag- 
gons, :^c. If any of thefe are urKd forward by 
the help of Jevers, wheels, &c. By having the 
/ ading power given, the moving force that <£-iycs 
it forward, is eafily found by th^ properties of 
thfcfe machines, Only obferv^ if the firft afting 

power 
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power be external, as wmd,, watser, horfes, &c, Fig^ 
you muft not forget to add or fuhtcadt it, to or 
from the moving rorce beforc fbuifd ^, according as 
ti;iatfirfl aiftiiig power confpires widi^ oroppoiea 
die motion of the machine ; and the refult 13^ the 
true force it is driven forward with. I have only 
Foom to defcribe a very few en^nes, but thofe that 
defire it may fee great variety in my large book of 
Mechanics. 

' A WHEEL CARRIAGE^ 

AB is a cart or carriage, going upon two wheels ^if. 
as CD, and fometimes upon four, as all waggon^: 
do. The advantages of wheel carriages is fogreat^ 
that no body who has any great weight to carry, 
will make ufe of any other method. Was a great 
weight to be dragged along upon a fledge or any 
ftich machine without wheels, the friftion would b^ 
§0 gream, that a fufficient forcp in many cafes could 
not be got to do it. But by applying wheels to carri* 
tges, the friftion is almoft all of it taken away. 
And this is oecafioned by the wheels, turning round: 
upon the ground, infte^ of dragging upon it. And 
the reafon of the^ wheel's turning round is^ the refill 
tance the earth makes againft it at O where it 
touches. For as the carriages goes along, the wheel 
meets with a refiftance at the bottom O^ where it 
touches the ground v and meeting with none at the 
top at C, to balance it 5 that force at O muft make 
it turn round in the order ODC, fo that all the 
parts of the circumference of the wheel are fuccef- 
fivcly applied to the earths In going down a fteep 
bank it is often necefiary to tie one wheel faft, that 
it cannot turn round, this will make it drag; a|id 
by the great refiftance it meets with, ftops the too 
violent motion, the carriage would otherwife have, 
m de&endJPQg the hilt. 

H4 B«t 
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fig. But altho* all'forts of wheels very, much dimi- 
6i. niih the fridion •, yet fome have more than others ;, 
and it may be obferved that great wheels, and finalt 
axles have the leaft fri&ion. To make the fri£fcioa 
as litde as pofilble, fome have applied friftioii 
whqels, which is thus 5 EG is the fridlion wheel 
running upon an axis I which is fixed ia the piece 
pf timber ES, which timber is fixed to tl^e fide ot 
the carriage. KL is the axle of the carriage^ 
which is fixed in the wheel CD^ fo that both 
turn roiind together. Then inftead, of the carri- 
age lying upon the axle KLj the friftion wheel 
FG lies upon the axle ; fo that when the whedCD 
turns round, the axle caufes the friftion wheels 
with the weight of the carriage upon it, to turn 
round the center I, which diminilhes the friction in 
proportion to the radius IG : and there is the iame 
contrivance for the wheel on the other fide. But 
• the wheel CD need not be fixed to the axle ; for 
it may turn round on the axle KL, and alfo the 
axle turn round under the carriage. 

In pafling over any obftacles, the large wheels 
have the advantage. For let MN be an obftacle 5 
then drawing the wheel over this obftacle, is the 
fame thing as drawing it up the inclined plane MP, 
which is a tangent to the point M ; but the greater 
the wheel CD is, the lefs is that plane inclined to 
the horizon. 

Likewife great wheels do not fink fo deep into 
the earth as fmall ones, and confequently require 
lefs force to pull them out again. 

But there ;are difadvantgcs in great wheels 5 for 
in the firft place, they are more eafily overturned ; 
and fecondly, they are not fo jeafy to turn with, in 
a ftrait road as fmall wheels. 

The tackle of any carriage ought to be fo fixed, 
that the horfe may pull partly upwards, or lift, as 
well as pull forwards j for all hills and inequalities 

;' in 
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in the road, being like fo many inclined planes. Fig. 

the weight^ is moft eafily drawn over them, when 6u 

the power draws at an equal elevation. 

A carriage with four wheels is n^ore advantage-^ 
ous, than one with two only, byt they are bad to 
turn ; and therefore are obliged to make ufc of 
fmall fore-wheels. Broad wheels which are lately 
come into faihion, are very advantageous, as they 
fink but little into the earth,. But ^ there is a dif- . 
advantage attends them, for they take up fuch a 
quantity of dirt by.their great breadth, as fenfibly 
retards the carriage by its weight, and the like may 
be faid of their own weight. , 

The under fide of the axle where the wheels are,' 
muft be in a right line ; otherwife if they flant up- ^ 
wards, the weight of the carriage will caufe them 
to work toward the end, and prefs . againft the 
runners and lin pin. And as the ends of the axle 
drj6 conical, this, caufes the wheels to come nearer 
together at bottom, and be further diflant at the 
top ; by which means the carriage is fooner over- 
turned. To help this, the ends of the axle^muft 
be made as near a cylindrical form as pofllble, to 
get the wheels to fit, and to move free. 

A HAND MILL. 

Fig. 62. is a hand mill for grinding corn. A, B 62, 
the fl:ones included in a wooden cafe. A the up- 
per Aone, being the living or moving (lone. B the 

' lower fl:one, or the dead ftone, being fixed immov- 
able. The upper ftone is 5 inches thigk, and a 
foot and three quarters broad ; the lower ftone is 

* broader. C is a cog-wheel, with 1 6 or 1 8 cogs ; 
D£ its axis. F is a trundle with 9 rounds, fixed 
to th^ axis G, which axis is fixed to the upper 
ftone A, by a piece of iron made on purpoie. H 
is the hopper, into which the corn is put ; I the (hoe, 
to carry the corn by little and little thro* a hole at 
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F^. K^ 10* fall betvmei^ the twot {tones. L is thas mifi 
62» Gf€s beifog the pbce whore thefioucor mealieonictt 
out after it b> gifoundl The under ftone is fup^ 
p^Hed b^ ft»)ag; beaifit not draMrit here. Aod the 
fpindk G ftmds an t&e beam MN^ ^dhkh lies up* 
0y» tte bessu?ef O^ 4Uh1 O lies uoon a fixed beam at 
0fle Qtid) aiid* ftt the other ena has a ftrmg fi»ai» 
w^ ti^ td thp piis P. The under ftone «s not flat, 
l^lit rife$ a fittle in the middle, and tl^ upper ocie 
is H Uttle koUciw. The. ftones veiy neju* touch at 
the out fide, but aire mder towards die middle to^ 
kt the coFii gid in^ 

When corn is to be grcMsad, it is put intso the 
hopper H> a Htde at a time^ and a man turns the 
handle D» -which catriesi round the cog-wheel G, 
a«d t^is carries about the trundk F, and aaos G, 
and fione A; The axis G is angular ^ K ; and 
aa it goes rmind^ it fhakes the fhoe I, and nuakea 
ijiie corn fall gradualist thro* the hole K« And fha 
yipfcr ftpae going rotmd grinds it, and when 
mound it comes out at the mill eye L, where there 
' la fack or tub placed to receive it. Another han-- 
lite may he ilaade at £ like that at D, for two men 
to work, if aay one pleafes. In order to make the 
. mill grind courfer or finer, the upper ftone A may 
be lowered or ratfed, by means of the ftring going 
; : flt>iri the bearer O v for turning round the pin P, 
the ftring is lengthened or fhortened, and thereby 
Ae timbers O, Marc lowered or raUed, and with 
them the axle G and ftone A. For the fpindle G 
goes thro' the ftone B, and runs upon the beana 
MN. The ipindle is made fo dofe and tight, by 
wood or leather^ where it goes thro' the under ftone^ 
1&M no meal can &il thro'. The under fide of the 
upper ftone is cut into gutters in the manlier repre* 
ife&ted at Q» It is a pity fome fuch like mills are 
joot made at a cheap rate for the fake of the poor, 
wiio are tomh ditt;i%fl64 by tiie rogueiy ot the 
loillers. Fig* 
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Fig. 63. is a fort of craae, BG an upright poft. Fig* 
AB a bcani fik:ed horizontally at top of it 5 Qiefe 6 J, / 
turn rouiyl together on the pivof Q add within 
the circle S^ which is fitted eo (he top of the frame^ 
PQl £F is a i?9<oodl» rolled, or rac^r a roller 
i^de of thin boafdi^ for Ji^tnefs^ and alt naited * 
to feveral circular jieces on^ the kifide. GH a 
^heel.ik^dto dief^el*^ abotil^ which goe^the rope 
OR. IK, LN, two oihet r<^s^; i^xed wiA one 
end to the crofe pfe66^ AB, alid the ©*her end to' 
the roller EF. W a weight ei^ual to Utie weigl^t 
<^ the wlMel i^nd roller^ yg!^iih isfkileiied to a roptf 
vrhich goes over the pirfley O, aiid- ^en is faAen^ 
ed to a collar V, ^hieh goes rornid the i^Vkt. ET 
is another rope with a hook at it to lift up an/ 
weight, tht 0tacr eita 6f fhc' roper beaig toed to 
the roller ; here ^re iq all Bye ropes. 

To raife any weighs as M, hang, it upon the 
hook Tf , then pullMna at the rope R wjiich goe» • 
about the wheel GH, this cayfie the wheel and 
roller to (urn round, and the ropeq Ij^, LN to' 
wind about it^ bj wnjicl^ means the wheel and axle 
rifes ^ and by riling, folds the rope T£ about the 
roller the cpptrary way, and fo raifes the weight' 
M. When the weight M h raifed hig^ enough, a 
rnan muft take hojUl^ of the rope T wkh a hook, 
by which th^ whole m»f hine may be drawn • about^ 
turning upon the centners C and S, And then the 
weight M may be let down again. The weight o£ 
the wheel apd roller do not affeft the power draw- 
ing, at R, becaufe it is balanced by the weight W* 
There is no fri^ioi|. in diis machine; but what is 
dcoUioned by the collar V, and the bending of the 
ropes. And th^ power is to the weight in this 
crane^ as the diai^et6r of the roller to tSxt vadium 
df the wheel GH, 

* > 
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M»f FULLlNGMTI L L, &c;. 

° An ENGINE for raifing Weights. 

64. Fig. 64. is an engine compofed of a perpetual 
fcrew AB^ and a wheel DE with teeth, and a fin- 
gle puUcy H. FG is an aide, ab^ut which a rope 
goes, which lifts the pulley and weight W. BC is . 
the winch, to turn it round ^vithal. As the Ijpin- 
die AB is. turned about, the teeth of it.t^kes the 
teeth of the wheel DE, a|id turns it about, toge- 
ther with the axle FG> which winds up the rope, 
and raifes the pulley H, with the weight W. The 
power at C, is to^ the weight W, as diameter FG 
X by the breadth of one tooth, is to twice the di- 
ameter DE X circumference of .the circle defcribed 
by C* 

A FULLING MILL. 

%• Fig* ^5' ^ ^ fulling niill. AP a great water 
wheel, carried about by a ftreaip of water, com- 
JDtig from the trough C, and falling into the buck- 
ets D, D, D whofe weight carries the wheel about ; 
this is a bread mill, becaufe the water comes no^ 
higher than the' middle or breaft of the wheel ^ 
EF is its axis ; I, 1 5 K, K, two lifters going 
thro* the axle, which raife tlie ends G; G of the 
wooden mallets GH, GH, as the wheel goes about ; 
and when the end G flips off the cog or lifter K 
or I, the mallet falls into the trough L, and each 
of the mallets makes two ftrokes for one revolu- 
ticm of the wheel. The mallets move about the 
centers M, M. Thefe troughs L, L, contain the 
ftufF which is to be milled, by the beating of the 
mallets. N, N, is a channel to carry the . water,, 
being juft wide enough to let the wheel go round. 
And the wheel may be flopt, by turning the 
trough C afide, which brings the water. In this* 
tfngine more rnallet? may be ufed, and then more' 
pins or lifters muft be put thro' the axis £F. 
I ^ Fig. 
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Fig. 66. is a common Pocket fVatcb. AA the Fig, 
ialance^ BB the verge ; C, C, two palafs. D the 66. 
crown wheel acting againil the palats C, C ; £ its 
pinion. F the contrate wheels G its pinion. H the 
third wbeely I its pinion. K the fecond wheel or 
center wheels L its pinion. M the great wheels N 
the /i^^ turning round upon the fpindle of M. 
O the fpring hoXy having a Ipring included in it;' 
PP the chain going i;ound the fpring box O, and 
the fufee N. This work is within the watch be- 
tween the two plates. Here the face is downward^ 
and in the watch the ip^heel K is plated in the cen- 
ter, and the others round about it. Here I have 
placed them fo as befl to be feen, which fignifiea 
nothing to the motion. The balance AA' is with* 
out the plate, covered by the cock X, The mi- 
nute hand Q goes Upon the axis of the wheel K. 

Then between the upper plate and the face, we 
have V the cannon pinion or pinion of report. Z the 
dial wheel. T thfe minute whel. S the pinion or 
nut J fij^ed to it. The focket of the cannon pinion 
V goei int;o the focket of the wheel Z, and arc 
movable about one another, and both go thro* the 
face; on the focket of 'the pinion Z is fixed the 
hour hand R j and on the focket of V is fixed the 
jninute hand Q. Lil^ewife the focket of V is hol- 
low, and both go upon the arbour of the wheel K, 
'which reaches thro' the face, and are faftened there. 
The wheel and focket, T, S are hollow, and go 
'upon a fixed axle on which they turn round. 

When the chain PP is wound up, upon the fu- 
fee N; the Ipring included in the box O, drawjs 
'the chain PP, which forces about the wheel M, the 
.fufee being kept from flipping back, by a catch 
.on purpole. Then M drives L and K, aPid K 
■drives 1, and H drives G, and 'F drives E, and 
the teeth of the crown wheel D, adt againft the 
• palats C, C alternately, and caufe the balan.e A A to 

vibrate 
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fig. vlhmt bade smd fonnrd^ aad thus the watcfa is 
kept going. 

66. The cumoBi pinioo, pud 4ial wheel V $u)d Z, 
and the 'hiuids Q, R, beipg put upon the arbor 
of K lu: W ; and felbene^ there, hf mams of p 
fliOulder w^ch k upon the vis, aad a hn& fpnm% 
fls the wbed K^tgqes fQ«n4 fit carries with k W 
pinion V with^hc roinute Imid^iand V dtives T tp»- 
gsther veith S ; m^ $drives Z wiA^Jipjw hand. 
The .numbers i<if the whei^s andpnqofis^ (thai: 
i& :d)e «eo(h in them) are* M =48, L s: la, ;¥1 3? 

54, I ::^!6, a ±=48^ Q 12= 6, f = 48, £ rc.^ 
D =r i,5> iBid 2 pdlat^ The i^^i/jf, . qt auiBbcr ^ 
beat$ in a!i.hcwr,fis^7f*8o> whkA k jibQ« 4^b^i%i 
in a fecon^. Alfo y S: to, Z -z 56, S st ia^ 

The ii^ieel M^goes sd^iwA 6 times in 24 h^w% 
tberrfore K goes round (^) 4 time? as much 5 

ths^ is, ^4<knes, or once in ^tn hour, and i^hand 
O along wkh k ; tk&ef^fc ^ will ifew minute*. 
Then SB iV goes round once in an houi^ T will go 

round (~ j ^ of that, rf^r 4^ the cijrcumfcrenccj 

and as S goes ^ Z wiU go^(^) 4 of that^ or ^ 

of the circumference In an hour, and therefore s 
,R goes aloi^ with it, R will fcew the hours. The 
wheels and pinions X> Z, and S, V, are drawj^ ' 
With the face upwards. And the wh6le machwe 
included in a c^ is but about two inches diameter* 
Tha« is a fpiral Ipring fixed under the balance 
AB, called the regulator, which gives it a regti^ 
kr motion; and like wife abundance of fmall parts 
helpful to her motion, too long to be defcriboi 
here. 

The 
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The way of writuig down the number^) U dnifiy fig. 

4:8 ^^* 

12 — 54 loQ^ 

6 — - 48 40 — r2 

6—48 36R. 

6--J5 

2 

Explanation. The wheel with 48 drives 131 pinioa ^ 
of 12, and a wheel of 54 on the fame arbor. The 
wheel 54 drives the pinion 6 with the wheel 48 on 
the fame arbor. The wheel 48 drives the pinion 
6 and wheel 48 on the fame afbon The wheel 
48 drives the pinion 6 and wheel 1 5 on the &me 
arbor. And the wheel 15 drives the two palats. 

Again the wheel 54 has the pinion 10 on its ^- 
bor, and ^the hand Qj «id the pinion 10 drives 
the wheel '40, with the pinion k. And the pini- 
on 12 drives the wheel 36 with the hand R. 

As this machine is moved by a fpring, it is fub- 
je£k to very great inequalities of motion, occafion- 
cd by heat and cold. For hot weather fo relaxes, 
' foftens, and weakens the main fpring, that it lofes 
a great deal of its ftrength, which caufes the watch 
to lofe time and go too flow. On the other hand^ 
cold frofty weather fo afie6ts the Ipring, and it is 
fo condenfed and hardened, that it becomes far 
ftronger •, and by that means accelerates the mo- 
tion of the watch, and makes her go fafter. The 
difierence of motion in a watch, thus occafioned 
by heat and cold, will often amount to an hour, 
and more in 24 hours. To remedy this, there is 
a piece of machinery, called the Slidey placed near 
the regulating fpring ; which being put forward or . 
backward, Ihortens or lengthens the Ipring, fo-as 
' to make her keep time truly. 

Some people have been fo filly as to think, that 
*the greater ftrength of a fpring arifes wholly 

from 
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Fig. irom its being made fhorter, as this happens to be 

one of the effefts of cold. But it is eafiJy demon- 

67. ftrated that this is not the cailfe. For let A B be 

a ipring as it is dilated by heatt, and at the fame 

. ipring contracted by cold. Now if the fpring has 
been contraded in length, it muft be proportional- 
ly Gontraded in all dimenfions. Let /, ^, i, de- 
note the length, breadth, and depth, in its cold, 

' and lead dimenfions ; and r/, r^, r//, the length, 
breadth, and depth, in its hot and greateft dimen- 
fions. Then (Prop. LIV,) the ftrength of the 
longer, to the ftrength of the fliorter, will be as 

rb X rrdd bdd 

', to -J- (confidering it weakened by the 

length), and that is as rr to i, or as AB* to ab*. 
. So that the longer fpring, upon account of its be- 
ing aflfefted with heat, is fo far from being weaker, 
than the fliorter afFefted with cold, that it is the 
ftroriger of the two. And therefore this difference 
is not to be afcribed merely to the lengthning or 
Ihortning thereof •, but miift be owing to the na- 
ture, texture and conftitution of the fteel, as it is 
fome way or other affedted and changed by the 
heat and cold. 

And that tliere is fome change induced by the 
cold, into the very texture of the mettal, is evi- 
dent from this, that all forts of tools made of 
iron or fteel, as Iprings, knives, faws, nails, &c. 
very eafily fnap and break in cold frofty weather, 
which they will not do in hot weather. And that 
property of fteel fprings is the true caufe, that thefe 
forts of movements can never go true. 
^5. To make a calculation of the different forces re- 
quifite to make a watch gain or lofe any number 
of minutes,, es fuppofe half an hour in, 24 ; and I 
have often experienced it ta be more. By Cor. 4. 
Prop. VI. the produdt of the force iand fquare of 

the 
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the tiine, h as tM^oduA of the body amd Ipace Fig. 
defcribcd, which here is a giyen quantity. For 66. 
the matter of the balance remains die fame in hot 
sts cold weathef •, and fo^ does the l^gth of the 
fwing, which here k thr fpace defcribed. There- 
fore the fbred id reciprocallf as the fquare of the 
time of yibrating, . w direftly as the lijuare of the 
^number of vib?atiof^s in 24 hours. Therefore the 
force with. Ae warm fpring> is to the force with the 
coid one ; as the fquire of 23 -J- hours, to the fquare 
of 24 ; that is, nearly as 23 .to 24. So that if a 
fpring was^ to eojAradl half an inch in a foot in 
length, ijwthout akering iti other dimenfions, it 
would but be fofficient to aecount for that phge- 
nomenon ; but this is forty times morfe than the 
lengthening and Ihortening by heat and cold, for 
that docs not alter fo much as a thoufandth part, 
as is plain from experiments. 

The cafe being thus, a clock or watch going by 
a fpriftg^ can never be madt to keep time truly, 
except it be always kept to the fame degf ee of beat 
or cold^ which cannot be done without conftaht 
attendance. And if any fort of mechanifm be coii- 
trived to correft this ; yet as fuch a thing can only 
be made by guefs, it cannot be trufted to at feaj but 
only for Ibort voyages. But no motion however 
regular, can ever anfwer at fea, where the irregu- , 
lar motion of the fliip . will continually difturb it ; 
add to this, that the fmall compafs a watch is con- 
tained in, makes it eafier difturbed, than a large:r 
machine would be ; but to fuppofe that any regu- 
lar motion can fubfift among ten thoufand irregular 
motions, and in ten thoufand different direftions, 
is a moft glaring abfurdity. And if any one with 
fuch a machine would but make trial of it to the Eaft 
Indies, he would find the abfurdity and difappoint- 
ment. And therefore I never expeft to fee iiich a 
time keeper, or any fuch thing as a watch or clock 

I going 
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Fig. going fcfy a fpring, to keep txuc time at fea. But 
66. time will difcover all things. . ,. 

As to pendulum clocks, their irregularity in the 
fame latitude is owing to nothing but the Icngth- 
ning or Ihortning of the pendulum ; which is a 
mere trifle to the other. But then they would be 
infinitely more difturbed at fea, than a watch ; and 
in a ftorm could not go at all. In different lati- 
tudes too, another irregularity attends a pendulum, 
depending on the different forces of gravity. Tho* 
this amounts but to a fmall matter, yet it make^ 
a confiderable variation, in a great length of time. 
For in fouth latitudes, where . the gravity is Jefe, a 
dock lofes time. . And in north latitudes, where 
the gravity is greater, it gains time. So. that none 
of thefe machines are fit to meafure time- at fea,. al- 
tho' ten times ten thotifand pounds fhould be given 
away for making them. 

A DESCENDING- CLOCK. 

68. Pig. 68. is a clock defcending down an inclined 
plane. This confifts of a train of watch work, 
contained between two circular plates AB^ CD, 
4 inches diameter, fixed together . by a hoop an 
inch and half broad, inclofing all the work. The 
inner work confifts of 5 wheels, the fame as in a 
watch, only there is a fpur wheel inftead of the 
contrate wheel, as 4 ; ^ is the balance, . whofe pa- 
lats play in the teeth of the crown wheel 5. Here 
is no fpring to give it motion, but inftead thereof, 
the weight W is fixed to the wheel i, and fo ad- 
jufted for weight, that it may balance the lower 
fide, and hinder it from rolling down the plane. 
Now whilft the weight W moves the wheel i, this 
wheel by moving about, caufes the weight W to 
dcfcend, by which it ce^fes to be a balance for the 
- c^'pofit^ fide, and therefore that fide begins to de- 

fcend. 
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fcend, till the weight "W be raifed high enough Figl 
again to become a balance, which muft'be about 68.* 
the pofition it appears in the figure. Thus whilft 
■wheels move gradually about, the weight W de- 
fcends gradually, which makes the body of the 
machine turn gratiually round, and defcend down 
the inclined plane PQ^-, ' making one revolution in 
12 hours. And therefore to have her to go 24 or 
30 hoxirs •, the length bf the plane PO muft be 2 
or 2 i circumferences of the plates. Before the ' 
weight W is fixed to the wheel i, fome lead or ^ 
brafs muft ht foldered on the fide E oppofite to 
the wheels 2, 3, 4, &c. for the wheel 1 muft be 
in the center. ' And then the lead or br^fs muft 
be filed away till the center of gravity of the ma- 
chine be in the center of the plates. And to hin- 
der the machine from Aiding, the edges of the 
plates muft be lightly indented. The inclined 
plane PQ may be a board, which muft be elevated 
10 or 12 degrees, but that is to be found by trials; 
for if ftie go too fiow the end P muft be raifed •, 
but if too faft it muft be lowered. When the 
clock has gone. the length of the board to Q, it 
muft be fet again at P. The fore fide CD is di-. 
vided into hours, and a pin is fixed in the center 
at G, on which the hand FGH, always hangs 
loofely in a perp, pofition, with the heavy end H 
downward. And the end F ftiews the hour of 
the day. So that the hours come to the, hand, 
and not the han'd to the hours. 

The board PQ muft be be perfedbly ftreight 
from one end to the other^ or elfe flie will go faf- 
ter in fome places, and flower in others. 

The circle with hours ought to be a narrow rim 
of brafs, movable round about, by the help of 
of one or more pihs placed in it ; fo that it may 
be fet to the true time. 

\% The 
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fig. /The Wi^ht W ferves for tWo ufes, i, to be j 
69^ cotititerpoite to the fide A 5 and 2, by its weighi 
to put the dock ki' motion* 

Ttit i^cight W muft b* fo he*5y as to make 
tlie deck Keep time, when it lias a proper de- 
gree of elevation aS 45 dcgwes ; and then the 
board muffi have an elevafion of 10 or 12 de- 
grees. If Ihe go too fa^ with thefe pofitions, 
take fome thiiig off tke weighty if too flow, add 
fomethkig to it« 
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D EF I NI TI O N I. 

jj Fluidf k fuch a body «rhofe parts are caGly 
moved among themftdves, an^ 71^ to any 
force adbg againft them. 

D E F. II. 

Hydret/iatics^ is a fcience that <lemoiiftiatos the 
ptopcrties of fluids. 

ID E F- fH. 

HyirduHcs^ is the art of railing ^water hy engines. 

D>EJF.. !¥• 

Pneumatics^ is that fdcncc which fliews the ppp- 
lierties of the air. 

P E F. V. 

^ ftamtmn ^orjes ^iTcau^ M a^i.arti&rial Spoilt K>f 
vatcr. 

PROP. JLXIH. 

If cite part of a fluid be higher than another^ the 

•Mgber fart^^U.dmtinuaffy iefcend tcthe UmeTi^aees^ 

and will not be at rejiy^ till the furfiM ^f Jitds ^mte 

:iefoel . "^ 

For the parts of a fluid being movable every 
way, if any part is above the reft, it will: defcend 
by its own gravity as low as it can get. And af- 
terwards othft- parts that are now become higher^ 
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Fig. will defcend as the other did, till at l^ft they will all 
be reduced to a level or horizontal plane. 

Cor. I. Hence waOr that communicates hy meant 
of a channel or pipe^ V)itb other water \ tvill fettle^ 
at the fame hi^ht in iotb places. 

Cor. 2. For the fiinu reafony if a fluid gravitater 
towards a center ; it will difpofe itfelf into a fpherical 
figure y whofe center is the center of force ^ Jx tbt 
fea in refpeSl of \ the earth. 

PRO P. LXIV. 

B * 

• I 

If a, fiuid be at reft in a veffel whofe bafe is paral- 
lel to the horizon ; equal parts of the bafe are equaify 
preffed by the fluid. 

For upon eyerjT part of the bafe there is an 

equal colunjn of the fluid fupporced by it. And 

as all thefe columns are ©f equal weight, they muft 

prefs the bafe equally j or equal parts of the bafe 

' will foftaipi an equal preffure. 

' • Cof. I . All parts of the fluid ptefs equally at the 
fame depth. 

. For imagine a plain drawn thro' the fluid paral* 
lei to the horizon. Then the preflure will be the 
fame in any part of. that plane, and therefore the 
parrs of the fluid at the fame depth fufl:ain the 
fame preflure. , ^ • 

Cor. i. ^he preffure of a fluid at any depths is as 
^ the depth of the fluid. .... 

For the preflTure is as the weight, and the weight 
is as the hight of a column of the fluid. 
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PROP. LXV. ^^" 

If a- fluid is compreffed by its weight or olherwije j 
at any point it freffes ejualfyy in all manner of direSions. 

This arifes from the nature of fluidity ; which 
is, to yield to any force in any direflion. If it 
cannot give way to any force applied, it will prefe 
againft other parts of the fluid in direftion ot that 
force. And the preflure in all direftions with be 
the fame. For if any one was lefs, the fluid- 
would move that way, till the preflure he equal" 
every way. ; 

Con In afty vejfel containing a fluid \ the prejfure 
is the fame againft the bottom^ as againft the fides ^ 
or even upwards^ at the fame depth. 

PR OP. Lxyi. 

The prejfure of a fluid upon the hafe of the con- ^ 
tHining vejfel^ is as the bafe^ and perpendicular alti^ ^' 
tude\ whatever be the figure of the vejfel that conr 
tains it., 

Let ABIC, EGKH be two vfeflels. Then 
{Prop. LXIV. Cor. 2.) the preflure upon an inch 
on the bafe AB = hight CD X i inch.^ And the 
preflure upon an inch on the bafe HK is = hight 
FH X 4 mch. Bijt (Prop. LXIV.) equal parts of 
the bafes are equally preiTed, therefore the preflure 
on the bafe AB is CD X number of inches, in AB; 
andpi-eflure on the bife HK is FH X number of 
ihches in HK. Thkt is, the prieflTure on AB- is to 
the preflure ovf HK 5 as bafe AB X hight CD, tQ 
the bafe HK ;< hight FH. 

Cor. I. Hence Jf jher bights be equajy the preffurts 
are as the bajes. And if both the bights and bajes be 
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t igf squal ; the prej/ures are equal in both j tbo** their een* 

69 • Unts he never fo different. 

For the reafon that the wider vefiol BK, has no 
greatec preflUre W the bottom^ is, bccaxifc the 
oblique fides EH, GK, take oflF part of the weight. 
And in the n^ffrow^ veflcl CB, the fides C A, IB, 
re-aft againft <he fM^effure of the water, which is a41 
alike at the fasne depth \ and by ihis re-'a£tion the 
jpreiTure is increafed at -the bot^m, & as tfi \)^ 
come the fame -every wher^. 

Cor. 2. The prejfi^re againfi the hafe 0/ any "ue^eJ^ 
ts the fame as of a cylinder of Un equal bafe atd higbt. 

joi -Cor, 3. If there. pe a recurve iube AJKF^ inwbick 
are twif different fluids CD, EF. . ^ifar bigjbu in 
^tbe t^vo legs CD, EF, will be reciprocally as 4hekc 
fpecific gravities^ when they are at refl> 

For if the fluid EF be twice or thrice as light 
as CD ; it mull have twice or thrice the hight, tq 
h^ve an oqu^l prei&ii€,4o l^oonterb^a^e^ the c^er^ 

P «l<5 p, -Lxvn. 

7i# V ts body of the fame fpecifii gravity ^f a fluid% 
^be tmmerfed in it^ if will reft in 'my place of it. ji 
^body of igr eater dinfity ^ill fink \ and one ^f a lefs 

-denfitf'willfwim* ■ ' ' 

i;ct A, B,X bte three bddfes; w*iereof A is 

lighter biilk for bulk than the fluid ; B 4s equal ; ^snd 

C licavicr. The body B, beirig ^ of th^ ^ fame ^ den^ 

Vfity, or ^qUlal ^in weight ^ais fo -iftu^h ^f the ^fluid ; 

, it will prefs the 'fluid under 4t juft-4s mtkrhas if 

' the fpacc wascfllled with ' the Huld. The prtflUre 

then will be the fame 411 'ar6tt«td k^ «s *f 4he fluid 

was there^ and confequently there is no force to put 

it out Of its ipiace, But if "the %ody: b^ %&ter. 
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the preffvure of it downwards will be lefs thzn -be- Fig, 
fore; and lefs than in otTier places; at the fenxe 7-1 ♦ 
depth 5' and confequently the leflfer force will give 
wsy, and it "will ^ri^ to the tap. And if the /body 
be ^a^ier, .tte prefltire dcwvnwards ^iU be ^ater 
than before ; ^ and the gi»at»r predafiue will .pnepf^ 
and carry it to the bottom. ' ' '.' 

Cor. I » Hence if fiverat bodies of different fpecifie 
gnavitf be ^mmerfid in fi iflfiid V ^e ^hMvU/t wHlget 
the Umj^* 

For the thfi^i^vieil ^arp . i|i(;^QUed with a greater 
force, and therefore will go fafteffi down. 

Cor. a* 4 ^^. imnterjed in ajluidy hjks as nmeb 
/weighty \4s ah eijual ^atUiSy df the Jluii W^s. 2ind 
ybe yiuid^alns it. 

For iTthe body is of rihe fame ^fpec?fic gravity 
.AS the fluid's' then it will Idfe^ its weight, jftnd 
4f it be ii^tet or 'heavier, there remains only the 
difference of the weights of the body and fluid, to - 
move the body. 

Cor. 3. All 'bodies t/f eaudl -nrngmtudes^ hfiejudl 
weights in fhe fame ^fluia. And h^s of different ' 

magnitudes lofe weights proportional to the magnitudes. 

\' ' 

Cor. 4. The weights loft in different fluids^ by im* 
^merging the fame "body tberein^ are as fhe f^cific gra- 
vities of ihe fluids. And bodies of tpuil weighty 'Ja^ 
"weights in*the fame 'ftuid^ 'redproca&tyus ^tbe fjftec^ 
gravities (jf the bodies. ' 

Cor. 5. \^he wt^bi 'sf ^n shsdy xfivit^ming \iH 't 
Huidy is equal to the weight of as much of the fluid 

^ds iheUm^^fidpi^t of Tk 

Fdr ^Ihe^pr^ifure * underneatht^te ifwimniiiig/b<»^ 

f|s<)uft thef&me as fo:itittch<ef theJimnaeil&drfl^ 

^ndtherefore^tKe 'weights iftfe lhe:£BiK. j 
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Fig. Cor. 6. Hence a body will Jink deeper in a light et 
^i. fluid than in a heavier. 

Cor. 7. Hence iippeats tbereafon why we do not 
feel the whole weight of an immerfed body^ till ii be 
drawn, quite out cf the water. 

PROP. LXVIII. 

72. If a fluid runs thrd a pipe^ fo as to leave no vacui- 
ties ; the velocity of the fluid in different parts of it, 
will be reciprocally as the tranfverfe fe&ions^ in theft 
pafts. 

I ' ' - • . - * , , / 

« r ^ 

Let AC, LB be the feftions at A and L. And 
let the part of the fluid ACBL come to the place 
acbl. Then -will the folid ACBL rz folid acbl^ 
take away the part mcBL common to both ; and 
we have ACca zr^ hBbl. But in equal folids the 
bafes and hights are reciprocally proportional. But 
if D/ be the axis of the pipe, the lughts Vdy F/, 
paffed thro' in equal times, are as the velocities. 
,'. Therefore, feftion AC : feftion LB : : velocity 
. along F/ r velocity along D^. 

PROP. LXIX. 

?i If AD is a veflel of water or any -other fluid^\ B 
a hole in the bottom or Jide. Then if the veffel be al- 
ways kept full I in the time a heavy body falls 
thro^ half the bight of the water above the bole AB, 
a cylinder of water will flow out of the bole^ whofe 
bight is AB, and hafe the area of the h^le^-> 

The preffiire of the water againft the hole B, 
by which the motion is generated, is equal to the 
weight of a' column of water whofe hight is AB, 
and bafe. the area B (by Cor. 2. Prop, LXVI,). But 
equal forces generate equal motions \ ^nd fince a 

cylinder 
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cylinder of water falling thro* 4- AB by its gravity. Fig. 
acquires fuch a motion, as to pafs thro^ the whole 73^ 
hight AB in that time. Therefore in that tinie 
the water funning out muft acquire the fame mo- 
tion. And that the effluent water may have the 
fame motion, a cylinder muft run out whpfe length 
is AB ; and then the fpace defcribed by the water 
in that time will alfo bp AB, for that fpace is the 
length of the cylinder run out. Therefore this is 
the quantity run out in that time. 

Gor. I, The quantity run out in any time is equal 
to a cylinder or prifm^ whofe length is the fpace de- ', 
f crib e din that time by the velocity acquired by fill' 
ing tbro^ half the hight ^ and whofe bafe is the hole. 

For the length of the cylinder-is as the time of 
running out. 

Coti 2. The velocity a little without the hole^ is 
greater than in the hole \ and is nearly equal to the 
velocity pf a body falling thro^ the whole hight AB. 

For without the hole the ftream is contraded.by 
the water's converging from all' fides to the cen* 
ter of the hole. And this makes the velocity 
greater in about the ratio of i to \/z* 

Cor. 3. The water fpduts out with the fame velo-^ 
city J whether it be downwards^ or ft dew ay Sy or up^ 
wdrds\ And therefore if it be upwards^ it afc'ends 
nearly to the hight of the water above the hole. 

Cor. 4. The velocities and likewife the quantities of 
the fpouting water; at different depths \ will be as 
' the fquare roots of the depths* 

. SCHOL lUM^ 

Fronni hence are derived the rules for the conftruc- 74* 
tion 6f fountains or jets. Let ABC be a refer- 
voir of water, CDJE a pipe coming from it, to 

bring 
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J?j^. bring water to .the founjtain which Ipouts up at E, 
jr^.; to .the higbt *EF^ near to Ae levd of the refervoir 
A'B. In order to have a fountain in peifeaion^ the 
j)ipe CD muft 'be wide, and covered with a thin 
jplate at E with a hole in it, not above the fifth or 
'£xth part of die diameter of the pipe CD, And 
this pipe muft 'be curve liaving no angle$. If the 
rgfervbir be 5oitethigh, the -diameter of the hole 
at E-may *be an inch, and the diameter of the pipe 
6 indhes. In general, the diameter of the hole E, 
ought to be as the fquare root of the hight of the 
•;«ferwit. When the -water *ihi3 thro* a )great 
ieuigth jof pipe, sthe jet \will Bpt rife 4b high. .A 
jtit n^ver .rifes rto the full hisht o^f thje jr^ifeiwoir i in 
a «5 iset jet it waats ,an anQh, >apd it faU3 *ih«rt ty 
(lengths wfhich afe;as'thei<p[u^es of thehigbtSi and 
fmaller jets lofe more. No jet will rife 3€>Q}f<»^|itgh* 
^-^ A fmall fountain is eafily made by taking a 
'^ '*ftEOng bottle A, and ^filling jt *ilf *fullef ^water ; 
•^cmeht a 'tube BI very defe in it, going near^Ac 
bottom of the bottle. Then blow -in at {he top B, 
"rto "comprefs the air wiflim-; ^mdi the -water will 
• "il^eutt>ut^atB.lf a^fountain ;be placed in<thc funlhine 
\AfvA made >to play,' it wilMhew rfll #he colours ef 
the rainbow, if a^black cloth be^placed beyond it. 
> A jet gQesrhigher if :it J3 not exadtjy j)erpqidi- 
cvilar-^ for then the upper -part of .the j<et rails to 
.iine.fidje without refilling the column below. The 
refittance pf the:air will alfo .deftroy a 9?al of Jts 
motion, and hinder it from rifing. to tlie hight of 
^the iwferwk. .AUb the iri(£tion ^^f ^e tube w pipe 
4©ftcondujftrh»ft'^edt.flwre ii,retardingthe:«ii©tiQii. 

78, If there be an upright .veflfel w lAFifuU^ftf «ii- 

ter, and feveral holes be made in the fide as B, C, 

t) : then the diftaaces, •the Awater will fpout, upon 

. -the fhwkoDMl .{dwe BL, wiU ^be >a(s the^^jjiiare 

•fOQls vQf the ,iie<ajngles 0f '.the .f§gment% AJBE^ 

: AGE, m^ AS^E* Eor ttie:ipa»s -Mrill *e >as ^ 

velocities 
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velocities arid times* But (Cor. 4,) the veloGity.of Fi^, 

the wzmt f^ymQ^kji of % t^^atbe ^s/ls^ amd 7^* 
tSke tiineof its rt«)^ttg (which is tSi^im^/^'^ tW 
time of itfiP falJ) wi» be (by Pl^ XlllO a*^ 

v^BEj therefore diedi ffaitc^E Hri$ a^v^ABxBE; 

and the fpace EL sis v^ACE. Arid heWe if twq 
hdes^ ^t,tn^d€ equidiftarit from top and bottom^ 
diey wUl projed the water to the fame diff ance^ 
for if AB ;= DE, then ABE ±i ADE^ which 
itiakes.EH! the fariie for both^ and hence alTd it 
follow^y that the proje^ibn from the middle poini. 
C 'v^iU be fuftheft ; foi' ACE is the greateft re<9tan< 
gJe. Thjefe are the proportions ofthe diftancesv 
but for tAe abfolut6 diftances, it will be thus. The^ 
velocit]!^ thro* any hole B, will carry it thro*" 2 AK 
in the time of fallirig thro* AB; then to find how. 
fef it Wilt move in the time pf falling thro' BE. 
Since thtfe d'mes, ate as the fquare roots of the 

Ug\itSy it will be, VaS : aAB : : ^^E : EH =r 

BE ,-^ -■ 

2*AB \/^ = 2 %/aBE ; and fo the Ipace EL =r^ 

2 v^AcE. It i$ jdaih, thefe. ctirves are par abohfer,^ * 
For the horizontal motiott being uniform 5 EJf 

will be as the time ; that is^ as vBE, or BE will 
be as EHS ^which is the property of a parabola. • 

If there be a brdad veflel ABuC full of water,: ^g. 
arid the top AB fits exaftly Into it ; and if the 
fiuafl pipe FE of a great length be foldered clbfe 
into the top, and if water be poured into the top. 
of tHj? pipe F, tin it be ftill j it will r^ifc a great 
wci^t laid upon the top, with tlie little quantity - 
of w^er contained in the pipe ;' which weight wilt 
be neatly equal ' to a column ofthe fluid, whofe 
bafe is tne top AB j an^ hight, ^that of the pipe^ 
EF. For the prefllire of the water againft the top 
AB, is equal to the weight of that column of wa- 
ter, 
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Fig. ter, by Prop. LXV. and Cor. And Prop. 1^1 

j6. Cor. 2. 

But here the tube muft not be too fmall. 
in capillary tubes the attraftion of the glafs 
take off its gravity. If a very fmall tube be 
merfed with one end in a vcffel of water, the 
ter will rife in the tube above the furface of 
water ; and the higher^ the .fmaller . the tube 
But m quickfilver, it defcends in the tube below 
external furface, from the repulfion of the glafs, 

77. To explain the operation of a fyphon, whici 
a crooked pipe CDE, to draw liquors off. , Set 
fyphon with the ends C, E^ upwards, and fil 
^ith water at the end E till it run out at C : 
prevent it, clap the finger at C, and' fill the ot 
end to the top, and flop that with the. finger. Tl 
keeping both ends ftopt, invert the Ihorter end 
into a veflel of water AB, and take off the fingt 
and the water will run out at E, till it be as .low 
C in the vdflfel ; provided the' end E be alw; 
low^r than C\ , Since E- is always below G, I 
hight of the column of water DE is greater th 
that of CD, and therefore DE muft out wei 
CD and dcfcend, and CD will follow after, bei 
forced up by the preffure. of the air, which a« 
upon the furface of the water in the veffel AB* 

The furface of the earth falls below the horizon: 
level only an inch in 620 yards ; and m other d 
tances the defcents are as the fquares of the diftance 

79. And to find the nature of the curve DCG, forr 
ing the jet IDG. Let. AK be. the hight or top 
the refervbir HF, and fuppofe the ftream to afcer 
without any friftiOn, or refiftance. By the laws < 
falling bodies the velocity in any place B^ will I 
as v/AB. Put the femidiameter of the hole j 
D = d^ and AD :=: h. Then fince the fame w; 
ter paffes thro* 'the fedlions at D and B j therefoi 
(Prop. LXVIII.) the velocity will be reciprocall 


r 
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I ■ • ' I Fiff 

as the feftion ; whence '^h * "jj •' v^AB : go > ^q 

therefore g^ rz , , > and Jiy^ifr = BC*y^AB, * 

whence AB X BC+ z= bd^ •, which is a paraboliform 
figure whofe aflymptote is AK, for the .nature of 
the cataraftic curve DCG, And if the fluid was 
to defcend thro' a hole, as IC-, it would form it- 
felf into the fanie figure GCD Jin defcending; 

PR O P.. LXX/ 

^be refifiance any body meets witb m movifiig tbrif 
s fluid is as the fquare of ibe velocity. 

For if any body moves with twice the velocity 
of another body equal to it, it will ftrike againft 
twice as much of the fluid, and with twice the ve- 
locity 5 and therefore has fdur times the refiftance ; 
for that will fee a^ the matter and velocity. And 
if it moves with thrice the velocity, it ftrikes a.gainft 
.thrice as much of the fluid in the fame time, with 
thrice the velocity, and therefore has' nine times the 
refifiance* And fo on . for all other velocities. 

Cor. If a fir earn of water whj)fe diameter is given^ 
ftrike dgaif^ m fihfiacle at reft ; tbe force againft it - 
will he as the. fquare of tbe velocity of tbe ftream. 

For the reafon is the fame -, fince with twice or 
thrice the velocity ; twice or thrice as much pf the 
fluid impinges upon it, in the fame time. . ; / 

PROP. LXXI. 

^he force of a ftream of water againft any plane 
ohftacle at reft^ is. equal Jo the weight of a^ column of 
water ^ whofe bafe is the feSlion of the .ftream y and 
bight y the fpace defended thr^^ by a falling hody^ to 
acquire that velocity: ' ' . 

For let there' be a refer voir whofe hight.is that, 
fpace fallen thro'. Tl^en the water (by Cor. 2. 

Prop. 


• 
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iFig. Ph^^ LXIX.) flowing our at the bottom, of the fc- 
ierv^tory, has the bme motion as the ftream ; but 
this is. generated by the \0cigfit of tJrat column of 
water, which is the force producing iL And that 
£nnc motioo is: deftrdjoed bjr the ob&xk^ therefore 
the fbcoe agatoft it ia the vaj Sataut t for there h 
jKquired as mtidk ibrcc txi dcmoy aa t3& generate 
any motion. . . 

' Cor. iri^ /^ri:^ of a Jtream of* k^ater flowing out 
at a bole in the kottom of a reftrvcttory^ is equal to 
fb& uf^bt ef a eobm9^ &f theflui4 of $be fame tight 
and whofe bafi it the b4&^ . . ^ 

PR OP; LXXIi VtoI. 

-J , : 

7> fni the fpecifk gra^oity of folieh or fhddsi^ 

. r. Far a foUd beavier than 'water. 

Weigh the body fcparately, firft .out of Watcjf, 

.and then- fij^ended! in water. And! divide^ the 

weight out of wstter by the difference of the weights, 

givw the i|«eeifie gravity 5 redconSng the ^ecific 

grarky odf ^ w^ter x • 

For the di^eience q£ the wse^hts ts equal to the 
wei^ of as much water (by Cor. 2^ Prop. LXVIl. > ^ 
and the weights, of equal magnitQdies5 arc as the 
ipedfic groviities $ tbefcfore die diifepence of tbefe 
weights ; k to tlK: wek^bt of the body ^ as the^e<> 
cific graWty of water 1, to the ^^^cific gravity of 
the body, 

2. Tor a lody Ugbter than wi^er. 

Take a piece of any heavy body> {a big as be^ 
ing tied to the light fcJody, it may fink it in water. 
Weigh the heavy body in and out of water, and 
find the lofs of weight. AHb weigh the compound 
both m and out of water, and find alfo the I06 of 

• weights 


» * 
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weight. Then divide the weight of the light bo- Fig« 
by (out of vaterX by the difierence of thefe loffes, 
gives thcf^ fpecific gravity ; the fpecific .gravity of 
water being i. 

For the laft lofs is' = weight of water equal in 

^ tnagnitude to the com- 
pound. 
And the firft lofs is = weight of water equal in 

• magnitude to the heavy 
; body. . ' / 

Whence the dif. loffes is z= weight of water equal in 

magnitude to the light, 
body. 
and the weights of equal magnitudes, being as the 
fpecific gravities; therefore the difference of the 
lofles, (or the weight of water equal to the light 
body) : weight of the light body : : fpecific gravi- 
ty of water i : fpecific gravity of the light body. 

3. For a fluid of any fort. ' • • 

Take a piece of. a body whofe fpecific gravity 
you know ; weigh it both in and out of the 
fluid ; take the difference of the weights, and mul- 
tiply it by the' fpecific gravity of the folid body, 
and divide the produdt by the weight of the body 
(out of watef), for the fpecific gravity of the fluid. 

For the difference of the weights in and out of 
water, is the weight of fo much of the fluid as 
equals the maghitude of the body. And the weight 
of equal magnitudes being as the fpecific gravities ; 
therefore, weight of the folid : diflrerence of the 
weights (or the. weight of~fo much of the fluid) : : 
^cific gravity of the folid : to the fpecific gravity • 

of the fluid. 

Example. 

1 weighed a piece of lead ore, which was 124 
grains; and in water it weighed 104 grains, thp 

. K difference 
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Fir 1^4 

^ difterence is ao ; then — = 6.2 -^ the fpedfic gra- 
vity of the ore. 


A tabU §f fpedfic grmitUs. 


Fine gold -rf 
Standard gQld 
Quickfilver — 
Lead — • 

Fine filver 
Standiird filver 
Copper — 

Copper half-pence 
Gun metal , - 
Fine brafi — 
Caft brafs ^ 

Steel ^ ~ 
Iron — 
Pewter — 

Tin ~ 

Caft iron — • 

Lead ore — 

Copper ore 
Lapis calaminaris 
Load flone 
Antimony — - 
Diamond -^ 

Ifland chriftal 
Stone, hard 
Rock 'chriftal 
6lafs. ' — 
Flint — 

Common ftone 
Chriftal ~* 

Brick — 

Earth — 

Horn — » 


19.640 
18.88S 
14.00a 
11.340 
11.092 
10.536 
9.00a 

8.7«4 

8.350^ 

8,100 

7.850 

7.644 

7-471 
7-320 

7.000 

6.200 

5.167 

5.000 

4-930 
4.000 

2.720 
a. 700 c 
2.650^ 
2.600 \ 
2.570 
^•500 ' 
2.210 
2.000 
1.984 ^ 

I *8^40 . 
IvorjT 
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Ivory — i -^ *— 

Chalk, — 1 — — 

AUum 

Clay — 

Oa of vitriol 
Honey — 

Ligmam vitae 
Treacle - 

Pitdl — . 

Rozin «•— 

Mohogany 
Amber — 

Urine — 

Milk — 

Brazil . — 
Box — 

Sea water — • 
Ale ^ -^ 
' Vinegar -^ * 

Tar _ — 
Common clear water 

Bee wax ~- 

Butter ^**-* 

Linfeed oil ' — » 

Brandy -*. 

SaDadoil — 

Logwood -^ 

Ice *— 

Oak — 

Afh — 

Elm , - 
Oil of turpentine 
Walnut tree — 
iFir — 

.Cork — 

New fallen fnow 
Air — 


IC 2 


«a» 

iMQ Fig. ^ 

1-793 

i..yi4 

1.712 

1.700.. 

1.450 

I 327 

i'.290 

1.150 

I.ioO , 

* ** 

1.^63 

1.040 

1.032 

1 .03 c 

r t 

.1031 

1.030 

1.03a ; 

I.02S 

1.026 ' 

I.O15 - 

1 .000 

•955 

.940 

•93a 

-927 

•^13 

•9^3 

', i9o8 

.830 

.830 • 

.820 

.810 

.650 

.580 

.238 

.086 

.-OOi* 

CORJ 
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Fig. Cor, I. As the weight- left in a fluids is U the db- 
folute weight of the body ; fo is the fpecific gravity of 
the fluidj to the fpecific gravity of the body. 

Con 2. Having the fpecific gravity of a body^ 
and the weii^ht of it ; the folidity may be found thus \ 
multiply the weight in pounds by 62 i. ^hey fay as 
that, product to i\ fo is the weight of the body in 
pounds^ to, the content in feet. And having the con- 
tent given ^ one may find the weighty by working 
backwards. ^ 

For a cubic foot of water weighs 6\ 4 11^* ^^er- 
dupoife ; and therefore a cubic foot of the body 
weighs 62 4- X by the foecific grayity of the body. 
Whence the weight of the body, divided by that 
produdt, gives the ntimber of feet in it, O^ as i> 
to that product \ fo is the content, to the weight. 

Scholium. 

8^^ The fpecific gravities gf bodie; may be found 
with a pair of fcales ; fufpending the body in wa- 
ter, by a horfe hain . But there is an inftrument 
for this purpofe called the Hydroftatical Balance^ 
the conftruftion of which is thus. AB is the ftand 
and pedeftal,. having at the top two cheeks of 
fteel, on which the beam CD is. fufpended, which 
is like the beam of a pair of fcales, and muft play 
freely, and be it felt exaftly in equilibrio. • Ta 
this belongs the glafs bubble G, and the glafs 
bucket H, and four other parts E, F, I, L. To 
thefe are loops fattened to hang them by. And 
the weights of all thefe are fo adjufted, that E = 
F + the bubble in water, or n I + the bucket 
out of water^ or iz I + jL 4- the bucket in water. 
Whence L =: difference of the weights -of the 
bucket in and out of water. And if you pleafe 
yoii may have a weight K, fo that K + bubble in 
water zz bubble out of water; or elfe find it 'in- 

' grains. 
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grains. . The piece L h^ a flit in it to flip it uponvFig* 
thefliankofl. 8a, 

It is plain the weight K zz weight of water as big 
as the bubble, or a water bubble* 

1 

Then to find the fpecific gravity (f a folid. 

Hang E at one end of the balance, and I and 
the bucket with the iblid in it, at the other end; 
and find what weight is a balance to it. 

Then flip L upon I,, and itnmerge the bucket 
and folid in the wat;er, and find again what weight 
balances it. Then the firft weight divided by the 
difference of tlie weights, is the fpecific gravity of • 
the body 5 that of water beiog i. 

For fluids. 

Hang E at one end, and F with the bubble at 

the other ; plunge the bubble into the fluid in the 

veflel MN. Then find the weight P which makes 

a balance. Then the fpecific gravity of the fluid 

K 4- P K — P 

is r: — 17 — > when P is laid on Fj or = — ^ — > 

when P is laid on E. 

' For E being equal to I + the bucket -, the firft 
weight found for a balance, is the weight of the 
folid. Again, E being equal to I + L + the 
bucket in water; the weight to balance that, is - 
the weight of the folid in water ; and the difference, 
is = to the weight of as much water. Therefore 
(Cor. I.) the firii weight divided by that difference, 
is the fpecific gravity of the body. 

Again, fince.E is zi to F + the bubble in wa* 
ter •, therefore P is the difference of the weights, 
of the fluid and fo much water -, that is, P =1 dif- 
ference of K and a fluid bubble ; or P rz fluid — K, 
when the fluid is heavier than water, or when P is 
laid on F. And therefore P rz K — the fluid 

- K 3 bubble. 
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pig^obble, when contrary. Whence the fluid bubble 

80. zzK± Vj for a heavier or lighter fluid. And the 

fpecific gravities being as the weights of thcfe equal 

bubbles -, fpecific gravity of water : fpecific gravi- 

'K + P 
ty of the fluid : : K : K +.P : : i : ■ ]^ the ^e- 

cific gravity of the fluid. Where if P be p, it is 
the fame as that of water. 

PROP. LXXIII. 

^be air is # hi^vy ifidj^ and gravitates m ^ parts 
pf the fmrface of\the earth. . 

« That the air is a fluid is very pilain, as it yields 
to any the leaft force that is impreffed upon it, 

. . . without making any fenfil^le refiftance. But if it 
be moved brilkly, by fome very thin and light bo* 
dy, as a fan, er by a pair of bellows, wc become 
very feniible of its motion againft our hands or 
face, and likewife by its impelling pi" blowing away 
any light bodies, that lie in the way of its motk>n< 
Therefore the air bcmg capable of moving other 
bodies by its iitipulfe, muft it felf be a body •, and 
muft therefore be heavy like all other bodies, in 
proportion to the matter it contains-, and will con^ 
lequently prefs upon all bodies placed under it. 
And being a fluid, it will dilate and fpread itfelf 
all over upon the earth : and like other fluids will 
jravitate upon, and prefs every where upon its fur- 
face. The gravity and prcfTure of the air is alfo 
evident from experiments. For (fig. 70.) if water, 
&c. be put into the tube ABF, and the air be 
drawn out pf the end F by an air-pump, the water 
will afcend in the end F, and deicend , in the en4 
A, by reafon of the prefTure at A, which was 
taken off or diminifhed at F. There are number* 
lefs experiments pf th's fort,. And' tho* thefe pro- 
perties 
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parties and rffefts arc certain, yet the air is ia fluid Fig, 
fo very fine ^nd fobtle, as to be perfedtly tranfpa- 70^ 
rent, and' quite invifible to the eye. 

Con I. The air^ like other fluids^ willj by its 
'weight and fluidity^ infinuate itfelf into all the cavi- 
ties^ and corners pnthin the earth ; and there prefs 
vnfb Jo much greater force^ as the places are deeper • \ 

Cor..j2. Hence the' atmofphere^ or the whole body of 
esir Jkrroundif^ the earthy gravitates upon the fur- 
facei of all other hodiesj whether folid jor fluids "and 
ibat with a force proportional to its weight or quart* 
iity of matter. 

For this property it. muft have in common with 
^1 other fli&is. , , . ^ 

Con J. Hence the preffurCy at any depth' of water; 
cr other fluids will he ejual to the preffure oftbefiuid 
together with -the prejfure of the atmofpbere. 

Cor, 4. Ukewife all bodies^ near the furface of the , 
earthy lofe fo much of their weighty as the fame bulk of ' 
fo much air weight. And confcfuenthf^ they arejomethin^ 
lighter than they would be in a Vacuum. But being 
fo very fmall it is commonly negleffed ; tho* in ftriSl-- 
nefsy the true or abfolute weight is the weight in vacuo^ • 

PROP. LXXIV. 

\ 

^e air is an elajiic fluids 7^ fuch a one^ as is ca^ 
pable of being condenfed or expanded. And it obferves 
this law J that its d^nfity is proportional to ike force . 
that compnffes it* 

Thefe properties of the air, are poved by ex- 

perijnents, of which there are innumerable. If 

, you tak-e a fyringe, and thruft the handle inwards, 

yotfll fad the included air aft ftrongly againft your 

. X ' K 4 , hand \ 
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Fig. hand ; knd the mbre you thruft, the further the 
pifton goes in, but the more it refifts ;- and taking 
away your hand, the handle returns b^ck to- where 
it; was at fixft. . This provejS' its elafticity, and alfo 
that air m^y be driven intp a lefs ipace, and coh- 
denfed. . » ^ . 

75. ^ Again, take a ftrong bottle, and fill it half fulj 
of water, and cetaent a pipe Bl, clofe in it, going 
near the. bottom; then injeft air into the, bottle 
thro' the pipe BL Then the water will fpout out 
at B, and form a jet; which proves, that the air is 
firft condcnfed, and then by its fpring drives ouf 
the water, till it become of the fanaedenfity as at 
lirft, and then the fpouting ceafes. - . 

81. Likewife if a veflel of glafs'AB be filkd with 
Water in the yeflfel CD, ahd then drawn up ^vith 
the; bottom upwards ; ' if any air is left in the top 
at A, the higher you pull it up, the more it ex^ 
pands ; and the further the glafs is thruft down in- 
to the veffel CD, the more the air is condenfed. 

82. Again, take a crooke4 gjafs tube ABD open at 
the end A, and clofe at. D ; pour in mercury to 
the hight BC, but np higher, and then the, air in 
PC is in the feme ' ftate as the external iair. Then 
pour in more 'mercury at A, and obferve where it 
rifes to in both legs, as to G and H. Then you 
may always fee that the higher the mercury is in 
the leg BH, thelefs the {i)ace GD is, into which 
the air is .driven. And if the hight of the mercu- 
ry FH be fuch as to equal the preflure of the at- 
mofphere, then DG will be half PC; if it be 
twice the preflure of the atmofphere, DG will be 
4 DC, &c. So that the denfity is always as the 
weight or compreflion/ . And here the part CP ia 
fuppofed to be cylindficaL 

Cor. I . S'hefpace that any quantity of air takes up^ 
is reciprocally as the force that cempreffes it. 

Cor. 
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Cor. t. All the air near the earth is in a ft ate of Fig. 
i^mpreffionj by the xveigbt of the incumbent atmofpbere. 

Cor. 3. The air is denfer near the earthy or at the 
foot of a mount ain^i than at the top of itj and in 
high places. 4nd the higher from the earth the morn 
rare it is. 

Cor. 4. The fpring or elafticity of the air is equal 
to the weight of the atmofphere above it ^ and pro^ 
duces the fame effeSs. 
. For they always balance and fuftain e^ch other. 


' ' V 


Cor. 5. Hence if the denjity of the air be increafed ; 
its fpring or elafticity will likewife be increafed in^ the 
fame proportion. 

Cor. 6. From the gravity and preffure 'of the aU 
mofphercj upon the fur faces of fluids^ the fluids are 
made to rife in any pipes or v^els^ when the preffure 
within is taken off. 

PROP. LXXV. 

. The expan/ion and elafticity of the air is increafed 
by heat J and decreafed hy cold. Or heat expands ^ and 
cold condenfes. the air. 

This is alfo matter of experience ; for tie a blad« 
der very clofe with fome air in it, and lay it before 
the fire, and it will vi/ibly diftend the bladder -, and 
burft it if the heat is continued, and encreafed high . 
enough. 

If a.glafe veffcl AB (Fig. -81.) with water in it, gj; 
be turned upfide down, with a little air in the top 
A ; and be placed in a veffel of water, and hung 
over the fire, and any weight laid upon it to keep 
it down ; as the water warms, the air in the top A, 
will by degrees expand, till it fills the glais, and 

by . 
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Fig* by itt ciftftic force; drive all the waicr out of the 
8 1, glafs, and a good part of die air will follow, hy 
Continuing the veflel there. Many more expert- 
toents may be produced prprbg the fairte thing. 

PRO P. LXXVL 

rf - 

^he air will prefs upon, the Jur faces of all fluids^ 
with my font J without paffing thro* tbem^ or enter- 
ing into them. 

ft ' * 

If this was not fo, no machine, whofe nfe or 
adtion depends upon the prelTure of the utmo&here, 
^ould do its bufinefs. Thus the weight of the at- 
mofphere preffes upon the furface of water, and 
forces it up into the barrel of a* pump, without any 
ak getting in, which i^rauld fpoii its wdiking. Like- 
wife ^the preflure of the ataK>^here keeps mercu*- 
•ty fufpen^d at fuch a hight, that its weight is equal 
to that preflure j. and yet it never forces itfelf thro' 
the mercury into the vacuum above, though it 
fkand never fo long. And whatever be the texturie 
or conftitution q£ that fubtle ipvifible fluid we call 
air,' yet it is never found to pafs through any fluid, 
tho* it be made to prels never fo flrongly upon it. ' 
For tho' there be fome air inclofed in the pores of 
almofl: all bodies, whether folid or fluid ; yet the 
particles of air cannot by any force be made to pafs 
thro' the ^)ody of any fluid % or forced through the 
pores' c^ it, although that force or preflure be con^^ 
tinued never (o long. And this teems to argue 
that the particles of air are greater than the parti* 
des or pores of other fluids ; or. at le^ are of « 
ftrufture quite different from any of them. 


PROP- 
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PROP. LXXVIL ^^* 

The wetgkt or pr^re of the atmof^ere^ uppn awf 
hafe at the earth* s furface •, is equal to the vmgbt 'of 
a column of mercury^ of the fame hafi^ and wboje 
bight is from^ 2 8 io 3 1 inabes^ feldom more or lefs. 

This is evident from tlie barometer, an* inftru- 
ment which 'fhews the prefllire of the air; which 
at fome feafons ftands at a hightof 28 inches, fome- 
times ai 29^ and 30, w s t. The reafon of this is 
noi^ hecaiife there i$ at fome tinges v^xt air in the 
atniofphere, than at others ; but b^caufe the aif 
being an extremely Yubtk and elaftic fluid, pipabl^ 
of being moved by any impreflions, and many 
miles 4iigh •, it is much difturhed by winds, and by 
heat and cold ; ^and being often in a tumultuous , 
agitation 5 it happens tp be accumulated in fom? 
places, and confequently dcprefled in others 5 by 
which means it becomes denier and heavier where 
it is higher, fo as to raife the column of mercury 
to 30 or 31 inches. And where it is lower, if is 
rarer and lighter, fo as only to raife it to 28 or 2^ 
inches. And experience Ihews, that it feldom goes ' 
without the limits of 2 8 and 31..^' _ 

Cori I . TCbe air in the fame place does not akp^ 
continue of the fame freight ; iut is fometimes heavier^ 
and fometimes lighter ; Jut the mean weight of the at-- 
mofpheriy is that mben the q^uickfiher fiands at about 
294 inches. , . ' 

Con 2. Hence the prejjure of, the atmofphere ufof% 
a fquare inch at the earth's furface^ at a medium^ ii 
^ery. near I ^ pounds y averdupoife. 

For'an inch of quiqkfilver weighs 8.102 ounces. ' 

. Cor. 3. Hence alfo the weight orpreffure of the at-' 
mofphere^ in its lighteft and beavieft ftate^ is equal to 

the 


\ 
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Fig. /^^ weight cf a column of water ^ 32 or 36 feet high 5 
) 0r at a medium 34 feet. 

For water and guickfilvcr are in weight nearly a* 
I to 14. 

Cor. 4. If the air was of the fame denfity to the 
top 'of the atmofphere^ as it is at the earth j its bight 
would be about 5 ^ miles at a medium. 

For the weight of air and water arc nearly as 
12 to 1000. 

Cor. 5. The denfity of the air in two places difiant 
from each other but a few nules^ on the eartVs fur^ 
face and in the fame level \ may be hokedon to be 
the famCy at the fame time. 

Cor. 6, The denjify of the air at two different aU 
fitudes in . the fame place j differing only by a ftw 
feet 9 may be looked on as the fame. 

Cor. 7, If the perpendicular higbt of the top of a 
fyphon from the water ^ be more than 34 feet^ at a 
mean denjity of the air. The fyphon cannot be made 
tm run. * . 

For the weight of the water in the legs will be 
greater than the preflure of the atmolphere, and 
both colunins will run down, till they b^ 34 feet 

high, 

^^ • 

Cor. 8. Hence alfo the quickfilver rifes higher in the 

> barometer^ at the bottom of a mountain than at the 

top. And at the bottom of a cod pit^ than at the 

top of it. 
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SCHOLIIJM. Fig. 

Hence the denfity of the air may be found at ' 
any hight from the earth, as in the following table. 


Miles 

denfity 

Miles 

denfity 

X 

.9564 

10 

.1700 

X 

T 

.9146 

20 

.02917 

3 

.8748 

30' 

•005048 

I 

.8372 

40 

.000881 

2 

.7012 

50 

.060155 " 

3^ 

.5871 

100 

.0000000298 

4 

.4917 


■ 

-5 1 

.4119 1 


■ 


The firft and third columns are the hight in 
miles from the furface of the earth. And the fe- 
^ond and fourth columns, fhew the denfity at that 
hight ; fuppofing the denfity «t the furface of the 
icarth, to be i. 

The denfity at any hight is eafily calculated by 

this feries. Put r zz radius of the earth, b zz 

hight from the furface, both in feet. Then the 

denfity at the hight bj is the number belonging ta 

b 
the logarithm, denoted by this feries — rr^ — • — 

h h b 

•7 A~ -r B — r" C &c. where A, B, C, &c, 

are the preceding terms. The terms here will be 
alternately negative and afKrhiative. But the firft 
term alone is fufficieht when the hight is but a few 
miles. 

By the weight and prefllire 6f the atmofphere, the 
operations of pneumatic engines may be accounted 
for and explained. I fliall juft mention one or two. 

A P U M P. 

Fig. 83. is a common pump* AB the barrel or go^ 
body of the pump, bqing a hollow cylinder, made 

of 
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F%. of wood or lead. CEX the haadle movable abo 
i^. dft piaE. DF an iron rod moving about a p 
P I this rod is hooked to tbe bucket or lucker F< 
which moves up and down within the pump, Tl 
bucket ^G is hollow^ and has a valve or clack 
at the ti)p opening upwards. H a plug fixed 
the boiijtom of the barrel^ being Kkewife hoUo 
and a valve at I opening allb upwards. BK ti 
bottom going into the well at K 5 the pipe bek 
B need not be large, being only to convey the w 
ter out of the well int<> the body of <he pum 
The plfag H muft be fixed clofc that no waiter cs 
get between it and the barrel ; and the iucker F< 
is to be aimed with teather, to fit ciofe that no air 
w^te^ can get thro' between k and the barrel; 

When the pump is find wnmght, or any time 
dry weather when the watscr ahovte the fiicker 
wafted, it tmift be primed, by pouring in fctne w 
ter at the top A to cover the fucker, that no ait ^ 
through. Theii rai&ig the end C of the hand: 
the bucket F defcends, and the waisr will rife thi 
the hollow GL, preffing open the valve L. Hi 
putting down the end C mfes the budcet F, m 
the valve L fliuts by the weight of the water abo 
it. And at the fame time tSe preflure of the x 
mofphere forces the Water up thro* the pipe K 
. and opening tke v^ve I, it palSh thro* the phig i 
to the body -of the pump. And when the fuck 
G defcends again, the valve 1 ihuts, and the wai 
cannot return, but opening the valve L, pafles thi 
the fucker GL. And when the fucker is rai(I 
again, the valve L ihuts again, land the water 
raifed in the pump. So thai: by the motion of t 
piilon up and down, and the akemate opening a 
Ihutting of the two valves ; water is continual 
raifed into the bbdy of the punip, and difcharg 
at the fpout M. ' 

T 
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The diftanceKG, from die. well to tiie bucket Fig* 
inuft not be above 3^2 feet) for the prefiUre of the Sj* 
atiAofphere willraife the water no highir^ ami 'i£ 
it is^ more, ' rfie pump will not work. It i\ evident 
a pump will work better when the dtt^ollphere b 
heavy than when it is light, there being a twelfth 
ta fifteenth part difference, at different tunes. Aif^ 
when it is lighteft it k only equal to 32 ffeet* Whet*- . 
£qm the plug H mull always be placed fy k>Mr, as 
that the fucker GL may be within that cim)pfl&« 

A BAROMETER. 

. Fig. 84. is a Barometer f or an inftrumiem to mea»- 8^4. 
iure uie weight of the air. It eonfifb of a gl^ 
cone ABC hollow withb, filled full df mercury, 
and hermetically fealed at the end C, lb that no 
air be left in it When it is fer upright, the mercui^ 
defcends down the tube EC, into the bubble A, 
which has a little opening at the top A, that the 
,air may have free ingrefs and egrefs. At the top 
of the tube C, there mull be a perfeft vacuum. 
This is fixed in a frame, and hung perpendicular 
againfl a wall. Near the top C, on the frame, is 
pkced a fcale of inches, Ihewing how high the 
mercury is in the tube EC, above the level of it 
in the bubble A, which is generally from 28 to 31 
inches, but moftly about 29 or 30. Along with 
the fcale of inches, there is alfo , placed a fcale of 
fuch weather as has been obferved to anfwer the fe- 
veral hights of the quickfilver. Such a fcale yoa 
have^ annexed to the 84th figure. In dividing the 
fcale* of inches, care mull be taken to make proper 
allowance for the rifing or falling of the quickfilver 
'in the. bubble A, which ought to be about half 
full, when it Hands at ig-^j which is the mean 
hight. For whilft the quickfilver rifcs an ioch at 
C, it defcends a little in the bubble A, and that 

defcerit 
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Fig. defcent muft be deduced, which makes the divi* 
S4. (ions be fomething lefs than, an inch. Thefe inches ' 
muft be divided into tenth parts, for the more exa£t 
ipeafuring'ihe.weight of the atmo^here^ For the 
pillar of mercury ;n the tube is always equal to the 
weight of a pillar of the atnlofphefe of the lame 
' thic^efs. And as the hight of the quickfilver 
increafes or decreafes, the weight of the air in- • 
creafes or decreafes accordingly. The tube muft 
' be near 3 feet long, and the bore not lefs than -f 
or 4^ of an infch, in diameter, or elfe the quickfil- 
ver will not move freely in it. 

By help, of the barometer; the hight of moun- 
tains may be meafured by the followi|ig table* In 
whiqh the firft column is the hight of the mouh*- 
tain, &c. in feet or qiiles \' the fecond the hight 
of the quickfilver ; and the third the defcent of the 
quickfilvA* in the barometer i and this ai a meai^ 
denfity of the air. ' ' 


' . 


, Feet 


^ 
1 

5CCC, 

yi. r IN r, u 


1 1 l; 5, 


'45 
Fig. 

• 

Feet (HighBarom. 

Defccnr 

Feet 

High Barom. 

Defcent. 

O 

2 9. "50b 

r 



' 


lOO 

%B'4fiO 

.100 

2600 

27.02S 

2.472 



200 

20.301 1 

.199 

%^oo 

26.938 

2.562 



300 

29.203 

.297 

?8oo 

26.848 

2.652 



400 

29.105 ' 

'Z95, 

2900 

26.758 

2:742 

. 



29.007 

•49-1 

3000 
3ioq 

26.668 

2.832 
2.922 



28.910 

.590,' 

26.578 



700 

2^812 

.688: 

3200 

26.489 

3.oli 



800 

2?. 716 ' 

.784 

33<^o 

26.400 

3.100 

. 


900, 

2^.610 

.881 

340© 

26.311 

3.189 



1000 

• • 

IIOO 

2$.523 

'^77 

3600 

26.222 

3.278 

, 


28.428 

1.072 i 

26.136 

3-364 



I2QO 

28.332 

1. 168 

3700 

26.049 

3-451 



1300 

2$.237 

1.263' 

3800 

25.961 

3-539 

_ 


1400 

25.143 

1-357, 

3900 

25.874 

3.626 



.160Q 

2;}jo4i; 

J -452 

4PPO 
4100 

25-786 

3-7 '4 



27.954 

1.546, 

25.699 

3.801 


» 

1700 

ay.Sjbo . 

1.640 

42po 

25.613 

3.887 


, 

1800 

27.760 

1-734' 
1.828 

j 

43D0 

^5-5^7 

3-973. 


■ 

,1900 

g 7.672 

4400 

»5'44i 

4-059 



a 000 
2100 

^7-579 

I.92I 

4500 
4600 

25-355 

4-145 



27.487 

2.013 

25.270 

4.230 



%^oo 

? 7-394 

2.1p6 

4700 

25.185 

4-315 

1 


2300 

27.302 

2.198 

4800 

25.101 

4.399 



2400' 

27.210 

2.290 4900 

25.017 

4.483 

» 


2500 

27.119 

2.381 '5000 24933 1 

4.567 

, 


5l&# 


14^ 

Fig. 
84. 
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The Table continued /« MitE s. 


Milet 
0. 

H. Barom. 

Defceni; 

Miles 

H. Barom. 

Defcent \ 

, 29-50 

N 



0.25 

28.21 

1.29 

3;25 

16.57 

12.93 

0.50 

26,98 

2.52 

3-50 

i5.<5 

13.65 

0-75 

25.80 

370 

3-75 

15.16 

•4-34 

1: 

1.25 

24.70 

4.80 

4. 
4-25 

14.50 

15.00 

23.62 

5.88 

13.87 

^5-^3 

1.50 

22.60 

6.90 

4-50 

13.27 

16.23 

^■75 

21.62 

7.88 

4-75 

12.70 

16.80 

■2. 
2.25 

2068 

8.82 

5- 
5-^5 

12.15 

»7-35 

19.78 

9.72 

11.62 

17.88 

2.50 

18.93 

10.57 

5-50 

11.1(2 

18.38 

2-75 
3- 

18.11 

^^'39 

5-75 

10.64 

18.86 

17.32 

12.18 

6. 

10.18 

19.32 


This table is made from a table of the air's dcn- 
fity, made as in Schol. Prop. LXXVII. And 
then multiplying all the numbers thereof by 29.5 
the mean denfity of the air. For the denfity of 
the air at any height above the earth is as the weight 
of the atmofphere above it, (by Prop. LXXIV.) ; 
and that is as the height of the mercury in the ba- 
rometer. 

; A WATER BAROMETER. ; 

A barometer may alfo be made of water as in 
fig. 85, which is a water barometer. AB is a 
glafs tube open at both ends, and cemented clofc 
in the mouth of the bottle EF, and reaching very 
near the bottom. Then warming the bottle at the 
fire, part of the air will fly out ; then the end A 
is put into a veflel of water mixed with cochineal, 
w,hich will go thro* the pipe, into the bottle as it 
grows cold. Then it is fet upright 5 and the water 

may 


Sea. VI. P N E y MA TICS. i4j^ 

may be made to ftand . at any point C, by fucking Fig* 
or blowing at A. And if this barometer be kept 85; 
to the fame degree of heat, by putting it iii a vet 
fel of fand, it will be very corr^ for taking finall 
altitudes-, for a little alteration in the weight of 
the atmofphere, will make the water at C rife or 
fall in the tube very fenfibly. But if it be fuffer- 
ed to grow warmer, the water will rife too" high in 
the tube, and ipoil the ufe of itj fo that itniiift 
be kept to tlie fame temper. . ' . ' . * 

If a barometer was to be made of water put 
into an exhaufted tube, after the manner of qiiick- 
'filver; it would require. a tube 36 fed:; long or 
more ; which could hardly find room within doors. 
But then it would go 14' times more exa£l than 
cpickfilver ; becaufe for every inch the quickfilvcr 
nfes, the water would rife 14 ;. from whence 6very 
minute change in the atmofphere would be dif- 
cemable. 

And the water barometer above defcribed will 
fliew the variation of the air's gravity as minutely 
as the other, if the bottle be large to hold a great 

Suantity of air. And in any cafe, by reducing 
le bottle (fo far as the air 13 contained) to a cylin- 
der ; and put D? = MiatletCr (5f the bottle, d zz 
diameter of the pipe, p r: height of air, x zz rif- 
ing in the pipe, all in inches. Then the height of a 

hill in feet will be nearly i + 1 X yix. And 

... . t^^- 

if j^ = height of the hill or any afcent, Q =: 

j^oidd y 

rrvrT' Then pc Hz ^ very near, at a 

mean denfity pf the air. . ' 

A T H E H M O M E T E R- 

Fig. 86. is a thermometer^ or an inftrumcnt to gg 
meaftrc the degrees of heat and cold. AB is a ' 

hollow 


i^$ p N E u M A T I c a. 

Vm- NilP^ *^ "*v Jwo ^ I00& wif h .* bjJl ft t|ip 
?,$. hf^s^ J i' ^ ^M vi?^ fr^it* of jfinp fofxc^ wuif. 

i^qdifpf^^l^ halfw^ VP t|ve ncc^j wMcl^ «tone, Jt .i^ 
j^ted ycry ippch, tai tj^ \^qppT0 0ie twi^)c, ap^ 

^^ It js fe^4 hcr^flcally tf «h? end A. TH*** 
^e ^itit ^on^nt^ft^ jyithin tbie tjobe i^ it CQ0I9. tf 
is inc^oieid in ^ fmme, wh'^h is ©■a4v>?fcd into ijei.- 
^rfses, ^ heat at^ .^Id. For hot weather ^a<;<vs 

Ife? /pJFi«» .»pd m4<» it fi^« fufrfw"" ^P the iuh? j 
and cold weather on the contrary, paatjr^s it, ah^ 
Auk^ it fink iow^ in th/e tul^e. Ap4^ tlie P^rti- 
.GVMsr 4^v^ons, Ihe^ the feyeraj degri^es pf Ac^t 
^d^9|d> ig^nftij^ principal 4)fTy];ucli,j^e>pir^ 
lie^^t, cold, tcmpernte, ^c. J»re WiW- 

Thpy Jh^ »ow|d.^iee m^r* m^Mcl^ne? fjefcrib^, 
qiViy confvk my Jj^rge bpojc of jN^hiinic*, whetp 

I^e wili inie^t Fith gTdjV y^?«y- 
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IV The P R E F A C E. 

fve work with. But nobody infeeking an accurate fo^ 
bition to a Problem^ will trufito a ProjeSion iy^cale 
and compafs ; becauje 'this cannot be dependeilm^in 
cafes of great nicety. Tet where no great exaSnefs is re^ 
quired it will be found very ready andufeful\ and^ 
befideSi willferve to prove . gndfonfirm the folution ab- 
taind by Calculation. 

But then this defe£l is abundantly recontpenfed by the 
eafinefs of this hethod. For by fcdle and compS^ only^ 
all forts of Problems belonging to the Sphere^ as tn Af-- 
tronomy^ Geography^ DialUng^ Gfc. nu^ be folved 
with very little trouble^ which require agreatdeat ^ 
imi andpainsy i^ work out trigonometricaUy by tl^tiH 
)la. It likewife affords a great pleafure fa the nuni^ 
fhat one can^ in a little timCj defcribe the whole fur ni-^ 
^e ^ Heaven^ and Earthy and reprefent them to the 
^Cx in a fmallfcheme of paper* . 
^ ]^ut its principal ufe isforfuch per fans {andtHat is 
iy far the greater number) as having no opportunity 
for learning Spherical Trigonpmetry^ baveyet a'dejire 
to refolve Jome Problems of the Sphere. For fucb as 
thefcj thisfinall ^reatife will- be of particular fervice, 
^caufe the praSical rules ^ efpecially ^ any one fort ^ 
'^rojeHion^ may^b^ learned in a, very little Hinej am 
^re eafily remembered. So that I have fome bjopes I 
fhall pleafe all ny Readers^ whether theoretical or prac^ 
tic4K 
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D E F I N I T I O N S. 

r. PROJECTION of the Iphere is the fepre- 
Jl fenting its furfacc upon a plane, called the 

Plane of Pr$jiaion. 
%: Ortbograpl^c Projedlion, is the drawing the 
circles d£ the fphere upon the plane of fome great 
tircle, by lines perpendicular to that plane, let fall 
from all the points of the circles to be projefted. 

3. The Steriograpbic Projeftion, is the drawing 
the circles of the fphere upon the plane of one of 
its great circles, by lines drawn from the pole of 
that great circle to all the points of the circles to ht 
projeded. 

4, ThtGnomnical Projcftion, is the drawing the 
circles of an hemif{)here, upon a plane touching it 
in the vertex, by lines or rays iffuing from the cen- 
ter of the hemifphere, to all the points of the cir-^ 
ties to be prqjeded. 

5» The Primitive cirde b that oh whofe plane 
the fphere is pfoje£ked. And the pole of this cir- 
cle is called the Pole of Projedkion. The poifit ffom 
whence the prqjeHing right lines iflue is me projeff*^ 
ing Peint. 


\ 



THE FRb J^Ei T I ON, &c. 

6. The Line of Meafures of any circle is the 
toirmcaL-imcaflsaiQ^ piane o^ pcajcaitai, 

and another plane that paffes thro* the eye, and is 
perpendicular both to .the plane of .projeftion, and 
to the plane of that drcle. 

Tnert are other Projedions or the Sphere, as the 

lich belongs to Per- 
Songs to Geography,^ 
Mercatorsy for which fee Nayigatiob, 8cc. , 
S^' ' . - "1 li .' 

AXIOM. 

* "The Tlactbt any vifible point of the Sphere upon 
the plane pf prcgedtioni ij M[h^e Tf|g projcfting 
line cuts that plane, ^ 

• • Gor. If <fhe eye^ Ik appUei fa the • ^j^Hing ptnntj 
it will'view all the circks ef ^he' Spb&ey'and every 
^ fart of them J ih ibeprojeSHoft^ ji^ /its m^y appear 
from thence in 4he Sphere itfptf. • 

. ScHOi*itrM; 

The, ProjeiStion of <Jie €Iphe4*e is only the ^adovr 
,tof the cirdes of the Sphere upon iihe plane dfPro- 
Jeftion, the light "being in the |)lirce-of die eye 6r 
prcgeding point, . 

The Sigiafkadon of fomie Qmr^ers. . ; 

•+• added to. 

— fubtradiflg the following qudfirity. 

<f an angle. *' 

n: equal to* . . . ' , ~ 

. ^ perjpendiCu-lar to; ' . ' 

; * \ll |<arallel to. / ^ ' : . 

*^, '; : it proportion. 

'^ ■ ■ ' -se-ct: 
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TF a right line AB istrvjeSed upon a plants U h FigJ 

projeStd into if tight Ifire ; and At s length will be to ^ 
fkf l^gf^ ^/\ tkei^oje0ion^ as ra4m to the copn^ of .^ 
^^ inclin^tton ^i^eihat f^^ 

For let fall the perpendiculars Atf, ,B^ upop tie 
plane of projection, then ah will be the line it is 
,prPJ5fitcd into i but by ti;igQqomctry AB : i^ tQ Ko 
or ah ; : as radius : to the ^ne of B or cpfine of ^AB» 

C«r. I. ]^ a right lint if proje^ed upon^ a fUm^ 
parallel thereto^ At is prejeHed int0 a right tine paral^ 
td and equal tnitfe^. 

Cor. 2. If an angle he projeSed upon a plane which 
is paraUtl tif the tiifo iines fm^tn^ the angle ^^ it is 
projeSed iMt^ an angU equal to itf^f. 

Cor. 3 . Any pi^ figure projf^d upon a plane pa- 
rallel to itfelfy is proje£led into a figure Jimilar and 
43uai to itjdf 

Cor, 4, Hence alfb the . area of atr^. plain figure^ is 
.-ip she Mrea of sis projection : : 4J radius, to ^he. cf/ini 
Sjftifsjfkv^iWyOr inclination. 

P R O P. H. 

A .i;ircle perpendicular to tke plane of ptoje^ipip li 
^ppug ailed into a right line equal to its diameter ^ 

For projedting lines, drawn through all the pointy 
(fif the circle fall in.the common fedion of the planes 

A 4 ' oC 
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4 ORTHOGRAPHIC PROIECTK 

Fig. of the circle and of projeftion, which is a 
line (Geom. Y^ g.\Jznd equal tatfae diamc 
the circle ; becaufe the planes interfedk in cha 
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Con Hence atty-^ plane ^gurej perpendicular 4 
^hne gf projeSion is pfojeSed into aright line. 
ibe perpendiculars from every pointy wiU all f^ 
the common interfelsion of the figure with the pU 
fryeai^n. v \ .: - 

PROP. III. . 

' • A circle parallel to the plane of pfojeEiibn is 
jelled into a circle e^ual to itfelf^ arid * Concentric 

the primitive. 

i . .J, , . . . i ^ ^ ' . • 

Let BOD be the circle, I its deiiter, C the 
ter of the fphere, the points 1; iff, 6;' D, ^re 
jefted into the points C, L, F, G. , A^d there 
OICF, ind BICL are re^angled paralielogr; 
Confequently LC =81= OI = FC, (G€ 
III. lOv ^^--D. 

Cor* The radius CL or CF is the cqj^e of the 
cl/s diftancefrom the primitive ^ for it is, the fine of. 

PRO P. IV. 

■ < < • • • % ■ h 

^T Ah inclined circle is projeSed into an elUpfis Wi 
iranfverfe axis is the diameter of the circle. 

• 

Let ADBH be the inclined circle, P its cent 
and let it be projefted into adbb \ ^draw the pi; 
ABFCtf through ^hc center C of the fphere, p 
jpendicular to the plane of the given circle 2 
*plane of projeftion, to interfeft tnem in the lij 
AB, ab ; draw GPH, DE, perpendicular, and E 
parallel to AB ; then becaufe the line GP, a 
the plane of projcftion are both perpendicular 

t 
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Sda.I. OF T:|IE SPHERE: i 

the plane ABF v therefore GH is parallel to the Fig, 
plane of projection, and therefore to gb. 

In the circle ADZ^. DQ^ sf GQH =: gqb, and 
and BP* = GP* = gp\ And (Geom. V. i2.)BP: 
EP or DQj. ibpiep - or dq, and BP* : DQ* : : 
¥p^ : <ij*.; thajf is^ ^f^'^gqb : : hp'' : ^*>and there- 
fore 4^^i is an eljipfis, whofe tranfverfe^^ is the 
i^^iain^ter of the circle. ^ E. D. 

Cor. I. Since ab is perpendicular to gb^ tberefote 
4^ is tbe conjugatt amy and is twice the Jine of tbe 
<C ABi' Ui tbe radius gp 5 that is^ the conjugate axis 
is equal to twice the coftne of tbe inclination^ to tbe 
raaius of the circle. 

Cor. 2. ^be tranfverfe axis is equal to twice tbe 
^qfine of its difiance from its parallH great circle. • For 
jgb = GH ;= 2AP n twice the fine of AK. 


- )t 


Cor. 3. ^be extremities of tbe conjugate axis are 
iifiant from tbe center of tbe primitive^ by the fines 
sf tbe circles nearefi and great eft difiance from the pole 
if tbe primitive. * Thus aC is the. fine of AN^ and 
iC tbe fine of %^. 

Cor. 4. Hence alfa it i/ plain that the^ conjugate axis 
always paj/es thro* the center' C of the primitive ^'alfd 
fs always in tbe line of meafures of that circle. 

Sch6lium. *. 

' Every circle in the projeftion reprefeiits two equal 3; 
circks, parallel'sild equidiftant from th^ primitiva 
Every right line represents two feoiicircles, one to- 
wards the eye, the other in the oppofite fide. Evc«* ^ 
ry ellipfis reprefents two equal circles, but contra- 
rily inclined as AB, CD ; one above the primitive ' 
ihe other below it. 

And now the Theory being laid down, it re- 
mains *,ohly to deduce thence, fome fhort rules for '" 
praftice, as follows. 

PROP, 


^ ORTHOGRAPHIC aROJECTH 

Take the complement <iE ks dtfbmee-fmi 
primitive, and fet it from A to C ; aiid^iidc 
<;enter C and radms CD = per^ndicvlku Ei 

fcribe the-cjr(Je D^G. 

By the plain /cafe. 

Take die fine of its diftance from flie pc 
the primitive; widi that radius and thecfeni 
- dcfcribe the circle. ;- 

PROP. Vi. Prv^. 

54." To prfijeH a right circle^ or one that is perpih 
iar ts tkefiam of frojeSkm. 

Thro* the center C of die prinnittw, ^zm 
diameter AB, and take the diftance irpm its p 
lel great circle, and fet from A .to E, and frot 
to D, and draw £D, the. right circle reqmred. 

By the fcak. 

Take the fine of the circle's diftance from its 
fallel great circle AB, and at that diftaoce dra 
jparallel ED for the circle required. 

^! PROP. VII. Proh. 

^0 project a given vhlique circle. 

Rule. 

^, Draw the line of meafures AB, and tikc'thec 
cle*s neareft diftance from the primitive, aaid 

fn 
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imm B to D, opwttds if k be ads^d^t dib |irimM^;Fig. 

dlilance, and fet from A to £, and draw £^ ihd 
let fall the perpendicukrs'Efv DG ; and bifeft FG 
i»^^iftnd|ftr^'<het j)ei|jiendiailjtf^K^ li^j^ing,-: 

^U^ HI ?= k^K ED 5 thcft,4^fiW an ^IJipfis 

^^i^ugace F^ 3^ jintd $hff: ihi^ riejtiefeiK : the. f^-cde 

g^yieli. ' ,. ' '^ , ' '-' fi 

Dtr^ itfieHtne tif ^aneafucefi AB ; and tdce the 5« 
^mis .of.tl^eioiDcte's sneareft and greaiseft dift:a»ncb 
from the pole of tiiie primidvfe, smd &t tikem ftdth 
the center C to F and G, (both ways if the circle 
cncompafs th^>p9ilc, .but the feme w^ay if it lie on 
one fide the pole^) bife6t FG in H, and eredt HK, 
ftj 5^rpe6diciilai' Ho FG, and rs to the raditi^ of 
the circle given, or the fine x)£ its.Aiftance ftotti itSh 
own pole 5 about the axes FG, KI defcribc an el- 
lipfis, and it is done. . 

A* elKpfis 'gfeat or fmafi may fee ^ct4be4 by lo; 
^pokits, thus ; Afo* the center D of the circle ama 
effiplfe, draw ftD -a. i^ tfa«fverte AR ; mSt <m 
AR etedt a fufficicnt number of peipendiculars IK, 
ik &c. andmake^sDBorOA : DE : ; IK : IF : : 
ik : if &c. then thro' all the points E, . F, /^ ^c. 
draw a curve. See Prop. 1^6. ellipfis. 

PROP. VIII. Proi. ^ ■ \ 

To jS»i the pok cf a given eUi0s. 

ttMle. 

Thro^ the Ij^tcfr of the prinikive C, draw the 7; 
conjugate, of the ellipfis -, on the extreme points 
F, Q, eredt the perpendiculars FE, GD, or fet the 

tranfverfe 


Ji ORTHOGRAPHIC PROJECTION 

Fig. Crattfvcrie IK fipom E to D, and bifeft ED in 
7. ,and let fall RP^ |>erpendicuilar to AB, then i 

. . ; iBy the fiak. ; 

7. Take CF,' ahd GG, and apply to the fitteg; 
find the degreies ahfwering or the iiq>plemer 
then take the fine of half the futn of thete degr 
if F^ G be bodion one fide of C^ or the fine 
half the difference, if they lie on contrary fid 
and fet it from C to the pole P. - 
' ;^. r Or thus *^ ^P^j ^^ fcmi-tranfvciire IH to 
fines, and fet the degrees from £ to R ; and d 
RP -** to AB ; and P is the pole* 

P R O P. IX. Preb. 

^0 meafure an arch of a parallel circk\ or to 
}mrf number of degrees on it. 

■ 

Ride. 

> ■ « . . 

JT: With the radius of the parallel, and one f 

in C defcribc a circle G^, draw CGB, and Cj 

- then B^ will meafure the given arch Qf j^ or 

will contain the given number of degrees let fr 

B to b. So that either being given finds the otb 

PROP. X. Prob, 
2V meafure attj fart cf a right circle, 

■ 

] Rule. 

fi In the 'right circle ED, let EA * AD; s 
let AB be to be meafured. Make CF s: A 
with extent B A =: FG defcribe the arch GI 5 dj 
CGK to touch it in G ; then is HK the meafure 
AB. For FG r: S* < HCK to the radius CF 
AE, and BA is the fame, by Cor. Prop. lIL 

Otl 
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Sea. I. OP" THE SPHERE,.&c; • ^ 

Otbermfi thus. ^" 

On the ifiamcter ED, defcribe' the femlcirclc : 
END, draw AN, BO, LP perpendicular to ED, 
then ON is the meafure of BA, and NP of AL % 
and ON or NP may be m,eafure4 as in. Prop. IX* 


• I > • 


By fbi fcale. 

Let AL be to be meafured. Draw CD 5 and 
LM parallel to AtdRhhen CM applied to the fines 
gives the degrees.. Tor radius CD : AD : : CM : 
AL. • 

Cor. If the right circle fajfes thro^ the cent^r^ there 
is no more to do, but to raife^ perpdndiculars on it^ 
which will cut the primitive, as required. Or afpfy 
the part of the right circk to the line of fines. 

PRO P. XI: Proh. 

^0 fet off any number of degrees upon a right ciri 
ile, DE. 

Rule. 


. Draw CA J- DE, and make the < HCK = g^- 

the degrees given, make- CF = radius AE, take, " 
FG*the nearefldiftance, and fet fromAioBj thca 
AB zi <C HCK, the degrees- propofed. 

'•. Otherwife thus. v 

On ED defcribe the femicircle END, then by 
Prop. IX. fet olF NP = degrees given, draw PL 
perpendicular to ED, then AL contains the de-* 
grecs required. 

Or thus by the fcale. 

Draw CD, take the given degrees of the fines; 
and fet from C to M, and draw ML parallel ta 
CA, then AL = arch required. 

PROP, 


IP ORTHOGrRAPHlC PROJECT laB 
^«f P R QvP.. • ,XK.. OPra*: 

10. mnsier of- ^w ufm iK . .>: 

About AR the tranfverfe aiis of the elli] 
dcfcribe a circle AJBR \ ^reftlthe perpendicu 
BEP» KFI, o» AR ; then BK; i3. tbo m^fw 
%fi 6r EF is the x^])^^kxisma^ arph \ 

Aod PK is to be meafuredy SpCiy degrees fet 
6n It/ as' in Prop. IX. 


( 


'' *f hef^ Problems are all Evident from the tJ 
firft prdf ofitiqns, and need no other derjiphftrati 
If the fpfiere be pfoje6ked ori any plane ^ralld 
the prinntitive, ^he projeftion will be the very fan 
for being efFefted • by parallfcl Ihiei, which are 
Y^ays at the fame diftance, there will be prodij^ 
the fame figure,* or reprefentation. ' Of allpn' 
graphic projedions, thofe on the meridian or 
the folftiual colore, ^comtnonly caJkd iM Anate 
lifr^, is nrioff tifcful ; becaufe a: great miny of ' t 
circfcff of the fpherc fall into ri^tj lines of circli 
#Wcrea§ in the projections upon prhel* pfines, t6 
are projeftcd into eHrpfcs, whith are hafd t6 c 
fcribe ; which makfis thefe forts >pf projeftion to 
neclefted. , 

\ Aik! by the {^mt ruks that: th*e^cikles of t 


,_ — J — D---I y r J^ ' . ^ J * 

ting fall perpendiculars upon the plaVie from alttl 
angles, or all the points of the fi^re, and joinir 
thefe points with right or curve lines, as they a 
ift tiie figLire i^felf, - 

• ' By this lci«d x)f pi^cftion, eitJier the convex 1 
conf ave fide of the fphere^ may be projcfted 
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r 

which IS peculiar to t^k fort pf projedion ; that Fijg. 
is, cither the hertifphere^towArcb yoi, or that from 9. 
yqu, may be projc^cd ,upon t;he plane of its great 
^c. And iM6d iti'^me ia^A^f^ bodihaveschd^ 
&me. appearance, it^o^gbt? .tQ b?, mentioned whe- 
ther it IS. 

the "jiw^ bemtfpbere, be^jprojefted ; that is, if you 
make two projefttons; ^rte for the convex, the 
^jPF % the cpneave ^id^ ^ the circles ia one will 
be inverted in reipeft of the «othei^, the righx w 
the left, &c. Becaufe in looking at tHe fame * hc- 
^ifph^rea.it wiU^nc^t; h^kvc^ the iame f^pearance, 
when ypa look at the: ^optrary fides of it; becauie 
you look contrary ways at J$» ^9 fee the externd|^ 
and internal furfaces. 
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! ; .PROP. i. 


J^^T circle gaffing thrt? the ptjeSfit^ f0h 
frcjeSed into a rigbi line. 




r For ?11 Imc^ drayrn from the projefting p 
to this circle, pafe thro* the interfedion of this 

tie and plane of proje&ion, which, is a right 11 

........ ^ . 

Cor. I. A great circle paffing tM the poles ej 
primitive is projeSed into a right line pajfing i 
ibe center* 

Cor. 2. Any circle pajing thro* the projeSing i 
is projeiled into a right line perpendicular to the 
of meafuresy and dtftant from the center ^ the J 
tangent of its near eft diftance from the pole oppofii 
\z. the projeSiing point. Thus the circle AE is proji 
into a right line pafjing thro^ G, and perpendicuh 
BC, the line of meafures^ and GO is the femitan 
c/EM. ^ ^ * ^ ' 

PROP. II. 

Every circle (that pajfes not through the prejet 
foint) is proje8ed into a circle, 

* 

II. Cafe I. Let the circle EF be parallel to 
Driimtive BD -, lines drawn to all points of it fr 
ttfc pirbjefting point A, will form a conic furfs 
which' being cut parallel to the bafe by the pi 
BD, the feftion GH (into which EF i$ projefti 
will be a circle by the conic feftions, 

^ • C 


r 
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, Cafe IK /Let BH be the line of mcafurcs to the Fig* 
circle EFj draw FK parallel to BD., thcH arch AK 12. 
z= AF, and therefore < AFK or AHG = AEF 5 
therefore in the triangles AEF, AGH, the angles 
at £ and H are equal, and the angle A common; 
therefore the angles at F and G are equal. There- 
fore the cone of rays AEF (whofe bafc EF is a 
circle) is cut by fubcontrary fcftion,, by the plane 
of prqjedion BD, and therefore, by the conic Ac- 
tions, the fe&ion GH ("which is the projedioa qf 
the circle EF) will alTo be a circle. ^ JB. D. 

Cer. Wlm Af* is ttfud to AG, iht circk EF is 
prytSlfi into a tirck equal iv t/ felf. 

¥ot then the ftmaar triangles AHG and AEF, 
will alfo be equal, an4 GH = EF. 

PRO P. «I. 

Jny point on the fpbem^s jkrfsct is pr^ftSed inip 
ii poini^ diftan^ from fbe center^ fbe ftmi-tat^m <(f - 
its difian^fr<m3in pok appofitt io the pn^tfHng point. 

Thus the point E is projedked into G^ tnd F \m> 
K\ luid CG is the &mi-tangent of SM^ wAOA 
of MF. 

Cor. I A gnat circle perpendicular ^ the primi* 
Mve.is .pTQJeSled into a line f^femi^tmigents pAffmg^brf, 
'the tenter^ and produced infinitely* 

For MF is projcfted ♦into CH its iemi-tangent^ 
<and EM into the femi-tangent CG^ 

Cor. 2. AfVf arch EM 6f a great circk perp. to tie 
, primitive \ ispr^e^edikto tbefemi'-tangmtiofit. 
Thus EM is prcyf&ed into GC. 

Cor. 3. Any arch .EMF of a great circle is pro-- 
jelled into the fum of itsfemi-tangenPs^ cfi^s greateft 

B and 


14 STEREOGRAPHIC PROJECTIO] 

Fig. and leafi dijiances from the oppojiu pole M, // 
12. on hoih fides of M, or the dif of tbefemi-tan\ 
wbtn all on one fide. 

M 

PROP, IV. 

12, ^be angle made hy two circles on the fur face of 
\fpbere is equal to tbat made by. their reprefemm 
upon the plane of projeElion. 

Let the angle BPKJbe projeded. Thro* 
angular point P and the center C, draw 
jplane of a great circle PED perpendicular to 
plane of projeftioij EIFG. Let a plane PHjG tc 
the fphere in P ; then fince the circle EPD is 
pendicular both to this pkne and to the plane 
projeftionj therefore it is perpendicular to thei: 
terfeftion GH. The angles made by circles ar< 
fame as thofe made by their tangents, therefdr 
' the plane. PGH, draw the tangents PH, PF, 
to the arches, PB, PD, PK-, and thefe wil 
- projefted into the lines j>H, pY^ piSr\ Now I fa] 
< HPG = < H/G. For the angle CPF 
'.right angle zz Q)A + CAP -,' therisifore takin; 
. ivay the equal angles CPA and CAP, and < 
= Cf A or P/F ; confequently p¥ = PF, Tl 
fore in the right angled triangles PFG and^ 
'there arc two fides equal and the included < rij 
therefore hypothenufe PG zz pG. And for 
fame reafon in the right angled triangles PFH 
:>FH, PH = />H. Laftly in the triangles I 
and ^HG, all the fides are refpeftively equal, 
therefore < P. =z <^. ^ E^ D. 

Cor. r. The rumh lines projeSled make the fan 
gles with the mmdians as upon the globe '^ and i 
fore are logarithmic fpirals on the plain of the 
,noaiaL For every particle of the rumb coincides 
Jome great circle^ 
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Cor. 2 . Tb€ angle made by two circles on thefphere Fig, 
h equal to 'this angle made by the radii of their projec- 
tions at the point of inierfeSiqn. Por thi angle made 
by two circles on a plane is the fame with thai made b^ 
ibeir radii drawn to the point of interfe^ion. . 

P R O R V. 

the center of a projeSted (lejfet) circle perpendicu^ 
lor to the primitive^ is in the Itne of meafures dijlant 
from the center of the primitive^ the fecant of the lef- 
fer circles dijiance from its own pole \ and its radius . 
is the tangent of that d^ftancCk 

Let A be the prbjefling point, EF the circle to j^; 
be'projefted, GH thei projefted diameter. From 
the centers C, D draw CF, DF, and the triangles > 
CFI, DFI are right angled at I ; then < IFC = 

< FCA = 2<; FEA or 2FEG =^ 2 <:FHG = 

< FDG, therefore IFC + IFD =: FDG + IFD 
iz a right angle \ that is CFD. is a right angle, arid 
the line CD is the fecant of BF, and the radius 
FD is the tangent of it. ^ jE. I). 

Cor. If thefe circles be aUually defcribedy ^tis plain 
the radius FD is a tangent to the primitive at F> 
"where the lejfer circle cuts it% 

PROP. Vf. 

^e center of ProjeHion of a great circle is in the 
Sne of meafureSy diftant from the center of the pri^ 
mitiv€j the tangent of its inclination to the primi* 
tive ; and its radius is the fecant of its inclination. 

Let Abe the projedtirtg point, EF the great cir- 15; 
dc, GH the ,proje(S^ed diameter, D the center ; 

B 2 draw 
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AC, Is perpendfcUlar ^o GH, 
AHC and "^Heir double, tClft - At)C, and 1 
complcoients. ^ECF — *C AD. llierefof^ CD 1< 
tangent of £CI, and radius AD its iecant. ^ | 

1^. Cor. I. If /be great olilique circle AGBH ie 4 

ally^ilefcrtbed upon the primitive Alfe. Ifft^-itdti 

circlei pajln^ rbro\ G "nx^ill haife the enters if . 

proieRiom tn the. tine feS draiim' thro* the centex 

• pefpendihiUr 'ta the line tffneafures^ ffl, ' 

For fince all great Circles ctit one knOther it 
micircle's diftance, all circles paffing thro' G : 
cut at the ofjpofite point 'Hj and therefore' 
centers nniuft Be in the Line RD^. 

Cor. 2. Hence' dlfo if diff phU^ue circle GL] 
required to make any given dngle with another < 
iftG AH, // will he projeSled the fame way wih 
gafd to GAH CoHjidered as a primitive^ dHd 'R 
' line i)f meafures ; as the circle fiG A is on the p\ 
tive BlA, and tine of meafures ID. And iber 
the tangfnt of the angle AGL to the radius GE 
from D./^ N, gives the center of GL. . 
' For the <; NGD will then be etjualtb A 
by Cor. 2. Prop. IV. and therefore GLHis ri^ 
projefted. 

Cor. 3. And for the fame reafon^ if N he th 
ter of the circle G^HR ; the cefifers of all circles 
'ingthro\g dndR, will be in the line r^sperP 
cular to KS'^ fo n is the center ofgrR. But th 
g^K do hot reprefent oppofite points of the circle i 
therefore all circles paffing thro* g^ R, {as grK) 
be ieffer circles^ except G^HR. 
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S CHQLIVM. ^^& 

0£ aU great circles in the projicaioa, tbe primi- 
tive is the leaft. .For the- radiusj of any.o|jKque 
great circle (being, the f^cant of the inclination) is 
heater than ' the radius of the pric^imre' >- '^ the 
fccant is alw^yjs greater tl>ari tke' i*aciius; ^ Th^re- 
Rife' every bbliqtie gre^t circle in the' pVojeiSioh i& 
greater than th'e pnffiltiv?. ^ , . f . . . 1 . . j 

•^ • . , i » ^<. . . • - 

P R ^ P. VIl^ 

Ti^e pryfSed extremities of the diameter, of any cir^ 
tJe^^ ofiin the Imi ofi meafures^ di^ant from the cen^ 
ter of the primitive circle^ the femi-tangents of its 
neareft andgreatefLil^anci^ ptomtbipole of projeSiion - 
f^ojite tfi tbejroje^in^^^^ . , , .,-. 

^pr the diameter of the circle EF i? jrojjeded 1 5^ 
into Gtt,' from' the projeding poihf A.' 'Biit;6jC 17^ 
is the femi-tangent of EBi arid CH the iemi-tarige'nt 
of BF. ^E.D. ,' . :^ 

Gor. I. The points where nn inclined 'gnat dv^k 15- 
cuts the line of meafuHs^ withtii and wifh^l the 'frf^ 
mitivej is difiant ffoni the center if. the primUive^'t}^ 
tangent and co-t^ngent of half the. ^mplemTnt of thV 
£hrcle*s inclination to the primitive. 

For CG ;;= tangent 0/ h^lf KB. or of half- the 
cohipletnent of IE the inclinatiori. ' Ami (b^c^il^ 
the <: E S f^ is rijght) CH is the co- tangenV oTGAC 
^haifEg..; . ■• -/- ^•1 ,\ 

Cor, 2.^ Hence the center Vt qf ^ /r,^5?f / <:/r^^ Vf ry-- 
/« /&^ line* of meafujres dfjt'anf^ from the 'cen^^r^!'f^^ i8w 
primitive^ half ihe ^ffevenceof t^fem^ of its 

heart ft and gredtefi dijiance from Ihe ^pj^^^^. P^J^y if 
it encompaffe^ 'tjiat [;^ple \ but h^dlf't^e Jwi^ ^k(^ fi: 
mi' tangents if tt^lyioh one fide the pokofp-ofe^ion^ 

B^ Coc* 
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Fig. Cor. 3. Jnd the radius is half thefum of tbt 
mi^tangentSj if the circle encQJppajfes the pole ; or 
the difference if it lyes en one fide. 

1 7: Cor. 4. Hence alfa if ta ^^ ^^^ proje^ed poUi 
mil h qG ; pG : : jH : pH. 

hqr araw Gn parallel to j A, and iincc P, Q 
the poles, therefore qAp is a right angle^ and £ 
the angles GAp and pAH are equal, and Gn ] 
pendicular to Af , thci^fgre GA = An ; whc 
by fimilar triangles qGiqH:: An or AG : AI 
Gpy ^H, (Gcom. II 25.) And conJequcntly 
line qH i3 cut horpmonically in the points G, j 

P R O P. VIII. 

The projeSed poles of afiy circle are in the lin 
meafures^ within and without the primitive^ and 
tans from its center the tangent and cO' tangent of 
its inclination to Jhe primitive^ 

19, The poles P, p of the; circle EF are proje 
into^P and //j an^ CD js the tangent of CAI 
Jjalf BCP^ that is, of half GCl, the inclinatio 
the circle ICK, parallel to EF, Likewife C 
the tangent of CA^, or the cQ^-tangent of CA) 

■ : ■ '\, ' ' • ^ ^E 

Cor. I . The pole of she primitive is its center ; 

the foleof a right circle is in th^ primitive. 

» 

I p. Cor. 2. The projeSled center of any circle is ah 
ietwem theprojeSed pole {nearefi to it on the fpl 
- und the center of the primitive -, and the prtyt 
centers of all cifcles lye between the projeHed pok 
For the middle point of EF or its center is ] 
Jcfted into S ; and all the points in Vp (in whic^h 
gfU the centers) are projefted into D^, 
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Cor. 3. ^ P he the pr$jeSed center of any circle Fig. 
EFG, any right lines EG, FH pajing thro' P will 20. 
intercept equal arches E F> GH. 

For in any circle of .the fphere, any. two lines, 
pafling thro* the center, intercept equal arches ; 
and thcfe are piiojefted into right lines, pafling.- 
thro' the projefted center P, . and therefore, EF,. 
GH, reprefent equal arches. * 

P R O P. IX. 

ifEFGH, efgb reprefenttwc equal circles^ ivhert- 20. 
#/ EFG w as far dijlant from its pole Vj as efg is 21. 
from the prbjeSiifig point. Tf^^ any tkvo right lines 
(^EP, and fFPj) ieing drawn thro' F^ will intercept 
equal arches {in reprefentation) of thefe circles 5 on 
the fame Jide^ if P falls within the circles ; ' hut on the 
contrary Jidcj if without 5 that tSy EF =: ef^ and 
GHzzgb. ' 

For b, .he ^. of *= region, of a fpRer.-. ' 

any two circles pafling thro' two given points or 
poles on the furface of the fphere, will inteVcept 
equal arches of twd other circles equidift:ant from ': 
thcfe poles. Therefore the circles IJFG and efg 
on the fphere, are equally cut by the plane?' of any 
two circles pafling thro' the projefting point and, 
the pole P, on the fphere. But thefe circles (hy 
Prop. I.) are projcfted intO' the rightlines P^ and- 
P/, pafling thro' P. And the intercepted arches 
reprefei)ting equal arches on the fphere,* are thcre= 
fore equal, that is, EF z= ef^ and GH "^-gh*' 

Cor. I. If a circle is projected into aright line EF^. 22v 
perpendicular to the line, of meafures EG \ and if from 
the center C a circk efF he defiribed paffing^ thr^o' its 
pole Py and P/ he drawn ; then arch ef =: EF. And 
if . any other circle he d^feribed whofe vertex, is P, tb^ 
4fch ef will always he equal to EF. 

B 4 Cocv 
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Fig. Cor; 2. Hence alfo^ if from the pole ofagteai cir- 
cle there be drawn- two rij^ht Unes^ the intercepted arch 
of the projeSed great cifclt will be equal to the intef' 
cepted arch of tie primitive. 

23. Cor. 3* j^ter tie fame manner^ if there be two 

24. ^i^^ circles EF, ef^ whereof om i^ as far from the 
pole P, as the 'other is from the pole rf projeSion ^ 
itppoftte to the projeSing point. Then any circle, drawn 
thro* the points r^ C, will iiitercept equal arch EF 
;:=: r/; and GH = gb^ betwen it and t^ ^ ofmea- 

fures FCG. 

For this i$ true on the fphere» and their pr(^c*- 
tions are the fame. 

Cor. 4. Jf from an angular point be dr^wn. two 
right lines thro* the poles of itsjides \ the intercepted 
arch of the primitive^ wilt be equal to that angle. 

For the diftance of the poles is equiail to that 
angle. 

P R O P. X. 

:^^. If QH, NK be two equal circles^ whereof NK 

26^ is as far from the projeBing point as QH fr^rn it 4 

* pole P ; and if they be projeSed into the circles wht{< 

radii are m6 or CL, and DF or FG, F being the 

center of DG, and E the pojeRed poU^ I fay^ the 

' pole E will be dijiant from their centers in proportion 

to the radii of the circles j that is^ CE : EF : : CL : 

0F or FG. 

For fince NK and ML are parallel, arid arch 
NI = PH, thenrforc < ELI = NKI <or nYLl) = 
GIP i therefore the triangles lEL and lEG are fi- 
milar, whence EL : EI : : EI : EG. Again the 
angle EMI =: KNl = PIQ, and therefore the 
triangles lEM and lED are Umilar, whence EM : 
EI : : EI : ED. Therefore EI* = EL X EG- =: 

EM 
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EM X ED. Confequentl^ EM :-E^ : :'EG : BD } Fk. 

EM >, EL EM -^ Eli 

and by compoution "• " ■„ ~.t ..: - » ' - ' • r 

EG + ED EG- T.:^D ,/>,., T70 ^^ 
.- ' ; rX- } tl^at V!, CM : EC : : FG : 

Cor. I. /7<f»fff if the circle KN ^^ «/ far frm 25. 
/ Jft pr(ff€iaifiig ptittii 9S,(^His from tithtr of itJt f^Sy %(^ 
4*4^ %yO\kt ih p^^td polfis\ tk^n mli E^j ; 
EM : ; ED ; : EG : : OD : Ofi. 

This fqUov* fram the focego^g 4?P>onjiratio(*, 

Cor. 2. fl^^f^ ^^ 1/ F be the cinter^ and P0 /A# 25. 
^(?/^j ; /i^^» EF : DF : : DF : FO- 

For it foUpw^ frofl) Car. u t^t' ,.;T : .. ^ 

2 

2 . ^ ■ ...2: 

Cor. 3; Hence if the circle "bViG^ ^,( ^^ f<^^ J^i% 27- 
its prpjeSied pole P, as LMN i{ from the projeijling 28. 
^<?/»/ 5 ^»i // any right lines be drawn thro* £*i as 
MPG, NPK, Ihey will cut ofjfnttar arches GlC 
MH in the two circles. .' ' 

For from 'the centers C, F* di^w the lines CN^ 
FK, then fince the angles CPN, ^nd FPfL artf 
equaU and by this'Prop. CP : CN V : FP : FK •• 
therefore (Geom. 11. ib.) j the triangles PCN and 
PFK are fimilar •, and the angle PCN r: <i ^FK;' 
therefore 'the' arches MN and GK ^re fimilar.! 

Cor. 4. Hm^ alf^if thro* theft^eSkd p^h P ^27. 

i fay the degrees in the arch GK Jhall be the meafure 
of PP i^ fjae projeltion. And the degrees in DB, 
fi)aU be the meafure of GK in the projeSion. 

For 
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Fig. For (by Prop. IX*) the arch MN is the mol 
of DB, and therefore GK which is fimilar to I 
' will alio be the meafure of it. 

. Cor. 5. %he centers of all projeSed circles an 
beyond the projeSled poles (in refpeSt to the centt 
the primitives) \ and none of their centers can 
. between tbetn^ • 

50. Cor. 6. Hence it follows (hy Cor. 5. and Pr. V 

Con g. j ^^^^ oU circles that are not parallel to 

primitive have equal arches on the ffhete repreft 

by unequal arches on the plane of proje3ion. 

For if P be the projeftcd center, then GF 

. greatjer than EF. 

Scholium. 

It will be eafy by the foregoing propofitioni 
defcribe the reprefentation of any circle, and 
reverfe will eafily fhow what circle of the fphere ; 
, ^ projefted xircle reprefents. What follows h< 
after is deduced- from the foregoing propofKic 
. ^nd, will eafUy be underftood without apy ot 
demonilration, 

> If the fphere wa3 to be projected on any pi; 
p^allel to the primitive, 'tis all the fame thi 
For the cones of rays iffuing from the projeft 
;>oint, are ^1 cut t^ parallel jplanes into fimildr 1 
iions, it only.makes the. proie(^ions bigger or 1 
according tqthcdiftance of the plane or projedi 
whilft they are (till fimilar; and amounts to nam 
than projeding fton) different icales upon the fa 
plane. And therefore the projecting the fphere 
the plane of a lefler circle is only projeding it u{ 
- the'^reat cifcli^ parcel thereto, and continuing 
: the lines of the^feheme to thatlelibr circle. 
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P R OP. XI. Prob. 

. ^0 drauo a circle parallel to, the frimitive at a given 
dtfiance from its pole.r 

Rule. 

"t 

Thro' the center Cdbw two diameters AB, DE^ 29« 
perpendicular to one another. Tkke^ in your com- 
pafles the diftancecif the circle from> the pole of tht^ 
primitiire oppofftc/to the pfojddiiing point, and ie( 
It from D to :E ; from 'E draw EF ib jnteifefl: A3 
in I ; with the radiua CJ» and cq^tcr C, defcrib^ the 
circle GI required. ' 


JI'J. .• • w...*'^ • >i^V 


By the plain Scale. .\\ ^ 

With the radius CI, ^tial to the femi-tangent of- 
the circles 'diftanCe' from the pole of projeftion; op- . > - 
pofitc the projefting point, defcrihe the, circle IG; 
Here the radius of prpj^dion C A, is the tangent 
pf 45% or the feiftritangent of 90^; ■ 

PRO P. jXIL Pro^, 

To draw a lejfer circle perpendicular to the primitive 
At a given dijiance from the pole of that circle. 

Rule* ... , >^ 

Thro' the ;pole B draw the line of meafures AB, 3^* 
make BG the circle's diftance/rom its pole, and 
draw CG, and^GF perpendicular to it; \ with the ra^ 
dius FG defcribe the circle GI required. ^ 

' By ihe Scale. ' ' . 

Set the fecant of the circle's diitance rrom its pole 
from C to F, give.s the center. With the tangent 
of that diftance for a radius, defcribe the circle GI. ■ 

Or thusy make BG the circlets. diftaiice from itt^ 
poje J and GF its tangent, fet frpm G, gives F the^ 

center^ 
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Eiii center ; thro*' G defcribe the circle GI from the ccn- 

50. tcr Jr. ^ , 'T - '- 


'^j 


perpendicular to the line of meafuresZ 

Wlwn |lv?; QcAtef F i^ at too.a great a diftaqce; 
dffit S& iQj cut AB ui/Hs or.h^ the iHmi-Cjua^ 
ggnt of UQrfrs^ C tq H*. Aiid.thrg^ the three 
joints (S>JH,:V iii^v. a cirdc wk^^^ 


r 


p R o P. xm. ^^^v . 

9*0 defcribe an oblique circle at a given diftance from 
a pole given, .•'. . . - ". 


Y •.' 


gi; ' Draw: t^ ^ine cf meafures AB thro' tht giyeri 
point'/, il th^pdht is given s and drawD£-c: 
to iJ^ al&i ' dtttWv EpPk Or if the point p k hot gi- 
ven, fet the height a£^t-h& p6le above thd pmitjitive 
from B to P. Then from P fet of PH = PI = cir- 
cle's diftance^^fnSn its pole )1iri3 dra^ EH, EI, to 
interfeft AB in E and G. About the diameter FG 
TOicrib^ thfc ci|-de required. 


• Oo >-« 


By the ^cale. 

^ If the point ^ is ^Ivei), apply Qp. to the lpm;-t{in- 
'^' " ^ems and if gives the diftincepf tlie polefrqmD, the 
pole <ii jirojiftion oppose to the projcftijig point. 
This diftknce beitig had, yov3Il eafify fifid tT^e great- 
eft and neareft diftances' oFthe circle froni the pole 
of the primitive opppfite to ^bc projecting point; 
take the feim-tangents of thefe durances and jfetfipm 
€ to G and F, both the fame way if the drdc lye 
Sdl on one fide, but each it^ oWnSvay, if ^n rafeic^nt 
fides <if b; And then FG is the diamdcr of the 

circle teduired to be drawni 

Con 


- « f 


• 
« 


I . I 


draw El>P, andjhm^U its fencer. 

Or My» 'dr&^ fera 'thr^ ib'e >*fe tj Vaife fiK 
flO degrees \ draw £K cutting the line of mea/ures'itt 
L. ?'£vtf* /i&^ three poiHh^, L, E, iraw the great 
^ 'tircrere^m. " 


SeA,a. O^ i*itE ^f^>fiRB. %S 

Cor. I. If ^ , he the fpU of a great circle as fff figi 
Dl^E. Dra<^ fiFH- 4nd tikte HP fc: DH, «»/ 3 1. 


I A 


Par. a^, tff(9in? it mUtbe'^fo^aw-me tircle^pg^, 
irallel to VMtber^ ... 

P fe 6 p. XIV. r iV^*. 

srir^* two given points A, B, /^ ir<iw a great circle. 

Thro' one of the poirfts A, draw a line thro* the 32» 
tenter, ACG ; :pnd EF rpe^endicular to {t. Then ' 
Jlraw AB, -and EG perpcndicnlarto it. . Thro' the 
thrpe points A, B, Q draw the circle required.. 

Or thus\ From ^ (found ajs. before) draw EH^ 
and then HCl^ and faftly EiG, . giv?s G a third 
jpoi'nt, thro' which the circk mull pafs. 

JfyibeSciile. 

. t)raw ACG \ arid apply AC to the femi-tangent3i 
BnaWie'dcgreeSjTetthe femi-tangent of its fupple^ 
ment from C to G^-for a third point. 
^ . Or thus 5 Apply AC to the tangents, and fet the 
tahgcnt of its ' cbmplement from C to G. And 
thrb^'the three pdiiits ABG^ defcribe tTic circle re- 



. Pbr;flhceHEI br AEG is a riglit angle, there;^ 
fore *A, ' G *ate' bppofite points of the fpncre ; anil 
therefoVc all circles paffing tliro' A and Gare 
'gfekt circles. 

Scholium. 

, ^K" the points A, B, G lie nearly in a right Jine, 
tHeh you may draw a circle thro' them with a bow. 

PROP. 


3» 


»6' STEREOGRAPHIC PROJECTIO] 
Fig. ■ ' -' 

P R O P. XV. Prei. 

About a polegiHjen^ to defcrm a circle thro^ a g 
point. 

33. Let P be the pole, and B the given point ; t 
, P, B defcribc the great circle AD (by Prop.* XI 
whofc center is E ; thro* the ceAter C draw CF 
and from the center E» draw EB, and BF per] 
dicular to it* To the center F, and radius 
defcribe the circle- BGH required. 

P R O P- XVI. Prok. 
^ofind the poles of any circle FNG. 

Rule. 

Thro* its center draw the line of meafurcs j 
and DE perpendicular to it. Draw EFH, 
fet its diftance (from its own pole) from H tc 
and draw E/>P, then p is the pole. 
' Or thus. Draw EFH, EI9, and bifeft HI 
P, and draw E^P, and ^ Is the internal pole. L 
ly draw PCQ, and EQy, and q is the external p< 

In a great circle DLE, draw ELK* ^nd m 
DH= AK, (orKH = AD, and draw EFH, 
F is the pole. 

By the Scale. • 

Apply CF to the femi-tangents, and note 
degrees. Take the fum of thefe degrees and 
the circle's diftance from its pole, if the circle 
all on one fide, but their difference if it encc 
pafles the pole of projeftion ; fet the femi-tang 
of this fum or difference from C to the inter 
pole p. And the femi-tangent of its fupplem 
C^, ' gives the external pole q. 

Or thus. Apply CF and CG to the femi-tangei 
fct the femi-tangent of half the fum of the degi 




k— 
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C if 'the circle lies all one way) or of half the dif-Fig, 
fbrence (if itcncompafles the pole of projeftion), 31, 
from C to the polep; and the femi-tangent of the 
fuppletnent, C^ gives the external pole q. 

In a great tircle as DLE, draw the line of mea^- 
fures AB perp. to D£ ; and fet the tangent and 
co-?tajDgent of half its inclination, .from. the center 
C, different ways to F and /; whitfh gives the in- ' 
jternal and external pole$ F and^ 

prop: XVII. Proh. 

I iTo draw a great circle at any given inclination above 

the primitive ; or making any given angle mtb.it ^ at 
I ^ given point. 

I Draw the line of meafures AB ; -and DCE per- 34. 

pendicular to it. MakeEK n 2HD = twice the 
complement of the circle's inclination' ; (ov DK = 
2AH 1= twice the inclination^ -, and draw EKF, 
then F is the center* of EGD, the circle required. ' 
Or thus ; Draw DE and AB perp. to it^ and let 
D be the point given. Make AH the inclination, 
and draw EGH and HCN ; and ENO, to cut AB 
in O. Then bifecl GO in F, for the center of the 
circle required. ' 

By the Scale. 

Set the tangent of the inclination in the line of 
meafures from C to F, then F is the center. Set 
the femi-tangent of the complement from C to G ^ 
then GF pr DF is the radius. 

Or the fecant of the inclination fet from G or D 
•to F gives the center. , 

Cor. To draw an oblique circle to make a given an^ 
;gle with a given oblique circle DGE at D. Draw 
EGH, imd fet the given angle from Htffl^ and draw 
£LI. Tbrtf^ D, L, E defcribe a great circle. 

PROP. 


«« STEREOORAPHIC I»RO|ECTip 

Fig. . • 

PRO, P. XVlll. Proi* 

.. 'through jn givtn point P^ to irato a^redt <\ 
t/a make a'given ai^kmib the primitive, 

» 

3S^ Thro* the jooint given !P ancl the center C . 
the line AB ; and DE perpendicular to it. Se 
given angle from A to H antl from H to K, 
draw BGK ;• with radius CG, and center C defc 
' the circle GtF ; arid witTi radius BG and cent 
■Crete that circle in F. Then vfkh radius FP 
wnter F^ ^fcribc. the circle LPM required. 

By the Scale. 

With the tangent of the, given an^lc,an4 
fodt in C, defcribe the arch FG. With the tc 
of the fiiven angle and one foot in the ^iveh f 
P, crofs that arch at F, From the center F 
cribe a circle thro* the point P, 

P R O P. XIX. Proh. 

To draw a great circle to make n given Ungk i 
^a^giDen oblique circle FPR, dt a given point P 
that circle. 

Rule. 

36. ^to* the center C and the given .point P^ d 
'thfc right line DE; and AB perpendicufer to 
^drf2Li7'AV(5tnd ittake BM = 2DG ; and draw 1 
to cut DE in I. Dwu TQ^pefpendicular to 1 
^ah IQ^is the Hne wherein the ccfnters of all- 
eles are found which pafs thro' the point P. F 
?^ tht center of the given circle FPR, ^nd m 
the «ngle«N PL equal to the given angle, then 
is the center of the circle HPK required^ 
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.. BytbeScak:, : "/ ..pjg; 

Thro* P and C draw DE ; ipply CP to the ifemi^ 36/ 
tangents, and kt the tangent pf its complement' 
from C to'l (of the fccant 'froifi P" to I). On DI . 
ordt the perpendicular IQj^ Find the center J^I^of 
FPR, and make the angle NPL = angle givjp% 
and L is the center. , ; * 

..Con If cm dnleisto ie drawn perptndkukrr t9 
0mihe^9 it mufi ie drawn tbrf Us poles. <r ^^ 

Prop. xx. i^oh. 

To draw a grikt cfkfJe^bro'' a given point P, id ihkkt 

c given angle with^agtven great circk ]pE. - * ^ ' " 

■" ■ ^ . . » •« t^ «« ^^ . ,^ , ^ 


-» » -■^ 


. - . Rule. 

About the j^ven point P ds a pole (by Prop. 13. 37^ 
Cor. I.) defcfibe the great circle FG ; find I thfegpje^ 
pf die givea circle DE, «nd (by Prop, i fi.yaSout-. 
the pole I (by' Prop. 13.) defcribe the fittalftircle 
HKL at a diftancc equal to the given angle, to in- 
terfed FG. in Htj about the pole H defcribe (by. 
Prop. 13.) the great circle APB required. ^^ _ .* 

P R O P. XXI. A^(7if, . • 

^0 draw a great drcie to cut two gi^en great circles 
nhdj ebf at given angles. 


» 

:.-^ - Rule. - ■■ '. v. 


* Bind the pote Sj r, of the two given cirxries/ go\ 
by Prop. 1 6. about which dtaw two. parallels phi^ 
pnkj at the diftances refpeftively equal to the an- 
gles given by Prop. Lg. the point of interfedtion^, 
IS the pole of thjgv.^iridie tno^ required, f ; ^ , ^ 

Cor, Hence, to draw a right circle to ikake wiih 
an. . oblique circle', fibdy any given angU. praw 
a parallel pbk at a dtftancefroni tbepdU pf the cb- 
liqtie circlcy equal to the given angle. Its interfeSliop 

•' X ^ — • -' fwiih 


'.^li. 


^ STERE^GRA'PHIC PROJECTIO^ 

ti^^f!Ooitb the primijivty 'ghei tht file of the right a 
' • g$ rtqiiirei. 

' . , '!> R P. X^n. Pro*. 

'Sf^ Asgf tf»^ ntiml^r ef digrees en a gftdf dr^e. 

Rule. • - - 

38. '^ lict AFI be the wimitive ; find th6 internal j 
Pof the givcrt tirdc Dfefi (by-Pro^ i6.)Jay 
degrees on the pfimi^w from .A to «F, and d 
f A3. EF, intercepting the part required DE. 
to lii'eafiJre JCiE, dray^ PEF and PDA, . and * A ! 
its meafurc, and ap jelled to tKel&ie of chords fh 
Jiow many degrees it is. 

^-^ ,0r thus ; Eipd^the .^xjernal j>ole ^ of. the gi 

* V^icirclc^ fetthe givien degrees frphi I to K, and d 
p\^ fKi intercjpbtirigt^e part DE required. Q 
ineafore DE, tfir-o/B andE draw plxp^y then 
is tha meafurc of DE. 

, Or thus i.Thro* the, internal jppl^ P» draw 
lines ^DPG, andEPJL; letting ' the given deg 
from G to L in the circle GL'j'then pE is the g 
required. O if DE i^e to |5e ©e^jiifed, then 
^d^igri^s m the arch C|(# isr the ^eafure of DE. 

Or tbus\ Set the given dqgrefs.from G to fr 
the circle GL and from the external poleyft, d 
fGy jH, intercepting DE the arch required . 

-cr^ t& meafure DE,^draw/>DG,jf>EH^then the d^ 
ihGH, is equal to DE. 

« c . . . 

^ ^ . - , . Bjthe ScdeJ^f ri^t^ Qircles. 

3^! Let CA be^he 'right circfesfctke the numbe 
degrees off the femi-tangents and fet from C t 
for the arch CD. Or it the 'given degrees ar 
b,e fet fronfi A, th€n take thfe degrees off the ft 
tangents frofti 90^' towards the beginning, and 
from A to D. And if CD waS to be meafu 
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to me?if«ie^^P,.ftf5ay.i^99ipj9P' ba^ 
the degrees intercepfi^giy^^tsi meafure. 

I 1 i 

The piimittre ds menwxd ^: tKelinciof nHoti^ < 
Of elicit. ba^aily dmckdafttadrgceesyv . ' :[ 

SV fet afff mnnicr, ff 4ggr^ w ^efyr dnU^ or 
to mufnre arty arci af it* ^ 

RmU. 

jrtftiiig.pQmt^ as. th^ m^ ««'?)l5 P.E jj ^^ ^: 
i«»rn»l pqle P». fcf tH« g»rer|r cjcgw? xppm ijkipf 
F, and dww PA, PF igijsi^ing the given pri^?^ 
in D, E ; then D£ is ^he arch rpqpi^eid Or tpi 
wafi»^ Oe,^ 4rl*w ?PA> .PEF, a^ AF fli^W 
Ae itegf^es ifi D^.. r : : , , . . 

Or ^/^ 5 iSad tfep ex?«F9t^ pol? j>i pf db^e dwpn 
€»dfe i^ Pfpp. 16, 4e<(:^ jthc J^er c^rfle!^^ 
91 &r fiiwirtfo l^ojieaifig ppint, ^ DE> the giy^iif 
circk it from its aele fj, by Prop^ J u iet the do^ r . 
gites ffom I to It ^ draw |fDI> : /ffiK*: then |3^. ^ 
rtptefejtt the givw number of d/^fees. pxiJo 
Qicafitre I>E j dw^ jpja, j^gS > w4 W i? 4? wek?^ 
fure of DE- . ^ 

Or thus 5 Let O be (He^Q^Bter of the given circle 
DEH>; ifhro* the intew^l pole P, dr^w Mnjes pPG, 
EPL, divide the iquadrant GQ^into 9P equal de* 
gl$ej5» luid if the given dj^rees be ^ fro^i Q tp I^ 
tliQfti)£ ^iU rept%fe«H tfr&fe degrees. Qr the de? 
grees in GL will ipp^Fie D£. 

Or /toJ 5 Divide Ch^ /|Uadrant GR ipto 90 pqqaj 
pern OT. degFees, aftd fee the dvefl degf ees from Q 
to H, aad draw ^DG, :/>EHj from the external pole 
t \ theo' DE wiU repr?fent t^e given dfgr^s. (^x 

C 2 thro* 


T » 
.1. 


3i' ST*:*EoJiRA¥Mc. &c. 

Fig: fliiV D,Edwvs%g pbG,:^Fr/ thw th^hmr 
of -equal degrees ;in' GH is.th^'inekrufe^bf DE. 

•-* " 'ScrioL-iuM.:-^--' ' — . 

Any circle paralW tb' thebrhnitive is divide 

ni^farad, bjr drstmog' linesrbnn the cehtear^; to 

. like divifionsr ai-^e.pniMvn:::^ psibf:hdp,iyi 

chords on ih& /edor^^r fet to tl^. r^^ii^is pf that circ 


.J! 




By Cof. t . Prop, 1 3 . AboM ^ne angular poii 
id pole, defcribe a great cnftfifci,''' and note v^fe 
ihterfcfb thclegs^ of the angle 5- thro** thtft poitk 
interieCfion; and ffie ahguTar:pbiiflt,^draw two*i 
fines, to cut the primitive i the narch of this pr 
tive intercepted beltween'thein iS the meafure oi 
drigle. This heeds no exaihj&le/ : ' . 

^ Vr'tbusy by Prep. -i6t^'^ihd'thc two pole 
the containing fides, ^the neareft; if it be m ai 
drigle, orherWife tfie furthefty ^d tWb* thfe ahg 
^omt an^thefe'poles.draM^ fight lines tothepf 
five, ihen th'e'intercepticT'arch.ofrthfe-pfto 
31. the angle reqbired. As ifdie'ffnlgle AEL Was 
qjiired. ' Let C aiid F be the' p6lei of E A and ; 
Fton:^ the angular point IE,' ' df^i^ EGD and E 
Then the arbh <)f^hc-primitivc,DH, is the md 
of the angje AEL. ' > 

^ • ;Becatife in tTie. Stereographic Projeftioh ^of 
Sphere, allxircles ire ^rbjefted tither into oircl 
right lines, which are eafily <iefcribed ; thert 
- this fbft of prqjeilion is preferred' before ali otl 
A;lfo thofe planes are prefe¥fddb6f&re otteVf ta 
3^iSt upon, where moft circieis -are prqjefted 
tight lines, they being eafier to defcribe and ma 
%^n circles are; fuch are the prqje6tions or 
t5lanes of 4:hc ineridian and foUlitiai colure, 
^ - ' SE( 
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SECT, in 

^eUftomonical TrojeBton of'tbi Spheri, 

I . ...... : ...J ... .10 . . .; ' •o M. ' ■ ' 


■ i* * WI I ' J I ' .. ' MJ ' , ' ' ," ' J - " ^ 


N'. ■ •■ 


P R O. p. .1; 


* JB^i^fjp' ^ri?^/ c/rr/(? 4^ BAD is projeSted into a rigiBt 39.. ' 
Tim^' ferpendiculaf \td\lhe line of meajtiresy and dip 
tant from the center^ the co-tangent j^ its inclination!, 
Iffr ^be-jan^ent bpitTri^nfi dijianie from the pok of 
projeSion. ' . /- - \ \V 


C' t 


Let CBED he ' perpendicular both to the given^. 
circle ^BA& and .plane of projeftian; and' then the * iz 
InteVfe^ion.CF will he the line of nieafures.* Novr . 
• lifldi th^ pikrie of the circle- BD; and the plane* of 
projcftion are both perpendicular to BCDE, there*- 
fore their common feftiqn.will alfq be perpendicu- 
lar to' ^CDIE^ an(! confequently to'thtniiVorthe^* 
'fotes CF.. Now fmbe ' the ,proj(p£tirig point, A as th 
'the'pl2(ne of the cirtit, ill the points of it will be 
projcded into that fcflion; that isj into^ a righi 
line pafling thro* li,; and perpendicular to Cd. And: 
Crf. M the tangpjxt bfCO, Qr co-wgentrof C^A*. 


a « 4 k < 


V 


' Cor. I, A great drett perpendicular to the plane ^^ ^g^^- 
projeSion is projected into a right line paffmg thrcf 
sbe^ center of projeilion ; andjanjn arxhJs proje^ed inr 
' jto tts' correfpondent tangenti ' ' , ' ' :'' ' 
[ ^ Thus the arch C D is prbjefte4. ipto tfietangejitC^^ 

- ' Cor. 2. Any point ^»D, 6r th9 pole af a^xirde^, 
^ ii"i^oJeSedJnta a-ptfint^d Mftant^ from the pojleof frs-^- 
jeEtion C, the tangent of that diftance.. . .^iJ 

... Xor^ ^. If puuff^gj^mt eircles b^perpendfci^ar^t^'^acb^ 
fiher^ and qne. of them pajjes thro* ^ejpole £f Jp^^J^i'^^ 
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l^t^.tion ; they mil -ie* projeSid into twa right lines 
3g. pendicuhr to Mcb (fiber. 

For tte rftif^mtatiDn of that, circle whiclTp 
' thro* the pole of prbjcftion is the line of^ mca 
cf the other circle. 

Cor. 4. Jnd beice if 4 gr'eat circle he perpen 
lar tofe^erd ofber great cirek^^ ^4 its repre/m 
- pei^sthro* jbe center of proje£iion\ Jben all tbefi 
ctes wiU he refrefented ly lints pdralkt to one ano 
Wid perpendicular to the line of ineafures or rept 
iation^of that firft circle. 

P R Q p. II. 

2Q. ^ tioo great circles interfeS in the pole ^ ft 
iioJi% their reprefentations ftiaU make an angle c 

center V ^^^ t^^^ ^f f^V^^^^^ ^i^id to t'be 
tnade ly tbeje circles on the fpbere. 

/ "!Eor Unci both thefe circles are perpendieul 
die plane of f>roj|e(9:ion \ the angle made by 
ji^tqcfedions with this plane, is the iame as the 5 
pa^de by thefe circles. . ^ JE. JD, . 

PR OP. HI. 

* jfny leffer ckcle parallel to ibe plMe of projeUt 
prpjeSed into a circle^ wbofe center is the pote dj 
j£&i^ ; and radius tbe tangotU of the circlets di^ 

from tJ^ poie cf projeSion. 

•gg^ Let the circle PI be parallel to the plane 
chca, the equal arches PC, CI are projefted im 
equal tangents GC, CHs and therefore C 
^pcriiic of (!oniaA uA pole of the circle PI ar 
the prdjediion, is the center cf the rcprefeni 

- C<>r. If a circle he parallel to the plane off 
tion^ MiM 4sJegreisfrom tbcpole^ it isprofeffe 

* *• * s. ' a 



Avr 
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a circlt equal 4PJ^.j[rtat cirtleaf tbcfpk^^w «4w?yFig* • 
ther£fcu he koJud upon as the primitive finle i$f this 
projeilion^ and its fradius the radiut of proJ£&io^^ . 



PRO 1^. 

' • ' ' ' ■ \ > \ 

^very leffer cinle {notparalhl to 0e plan^ ^f pn^* 40; 
jeSlion) . is projelied into a e^nic feSion^ whjofe tranjf- 
ver/e aspis is i^ the Itnf ^ malurit^^imd. who/e nmrefi 
vertex is dijlant from the center cf tjb^ plane tkf tatf^ 
gent of its near eft diftance from tve pole of pro] e£lion %. 
ahdiie other ^^iexis di^tani tH,tm^mTof its furthejt^ 
dijianu^ 

LcufBE be paraflet to the line of^hiearures ^,; 
diea m% circle Uch? bafe. of a, code /wbofe v^rrtex 
is at .A^ and therefore that cfinp b*inK^ produced 
will be cut by the plane of ffrojedion InTofne conic 
f«i3ioii ;. thus the circle whofe dianjeteir. is JDF w^l 
be cut by the plane in. an eilipfis. whofe tranfyerfeis 
1^ i and CJ is the tangent xrf CAD». and </ of CF. 
In like nmnner the cone AFE being cut by" the 
plane, / will be fift neircft^ verrex.; and. the other 
point into which E is projeded. is 4t ao infini^:^ 
diftance* Alfo. the coii« AFG: (whofe IJdfc is the 
circle F6) being cut fey die plane / Is the ncatitt: 
vertex ; and G A being proriuted gives t?. theL other; 

Tertex. ^ E. D: * ^ 

, .. . - -• . ^ . ' 

Cor.^ I* If the diftaitpei;f^ ^fefr^efi^m^ 
circle be lefs than ^0° from, the pok of j^ojeHion^^ 
fhefi itwiil be pr^eUAiMik an efB^: '■'• ' • ' - 

than ^b\ the ';^£B^;^ ts. ^] e!iipfis^ wfeofe *er- ^ 
tices aft at d and /i Ib^ the plane 4^ cm toih fidciti 
•of the cohe, ij/A, /A. \^. " : . ' -" '^ 

. Con t. ff^jtifefMnkbe^^frivtMrn^^^ 

pces.^MJihe-j4^k:;of,p^Stiitk, k riiU:M pt^^i^ 

C 4 tnttt 
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¥ig. in fa an hyperbola. Thus the circle FG is projeSed \ 
/p,"^ an hyperbola wbofe vertices are f and J, and tt 
verfi fd. :'..'" 

For the plane ^ cut? only the fide A/ of the c< 

• ' . . . ~ t, 

Cpr. 3. ,yin4 in (be circle EF, wbere thefurf 
*' • '^pmt Kis 90^ /re?»» C ; it mil be prcjeSled into a 
rabola^ wbofe vertex is f. 
• • For the pldne dp (cutting the cone FAE) £s 
fallel to the fide AE. 

•, Cor 4. If H be. the center^ andli^ i, U the 
cus of the ellipfis\ hyperbola^ ^ir parabola \ then HK 

Kd—Kj^j^ /^^ .ehipjis^ and Hk :=;^ ^ 


2 ^ a 

/<?r //^^ hyperbola j ^ »^ (drawing fn ftrpm&mlar 

»E 4- F/ 
' AE j // i= I ■ , for the parabola ^ which 

^tbe reprefentatiqns qJ the circks DF, FG, FE 

^fpeSilvely. 

' This^ ^1 appears, from the Conic Seftions, 

P R O p. V, 

'41. L^t thepUne TVf he perpendicular to the plane 
projeSion TV, and BClJ a great circle of thejphi 
'. ift the plane T W. Jnd let th£ great circle BED 
projeSled in the right line beh Draw CQS 4- I 
and Cm || to it and equal to CA, atid make QS == Q^. 
ibeti If^ any angle QJl zzQt. r 

Suppofe the hypothcnufe AO to be drawn>> th< 
fince the pUne ACQ^is perpendicular to the piai 
Tv^ and ^Q is 4, to the in<;ef fefltiop CQ^ th^r^fo 
;^Q^is.perpen(^icular to the plane ACQ, and conf 
quently bQ^is perpendicular to th? hypothcna 
AQ^ But AQ = Qm zz Qsy and Qj is alio perpci 
<|ictiiar to ^^Q. *ithlBrefof€ all angles made at^ci 
'tlie Un^ K^ ift the lame poiiits. 9s (be^ angl^^s.mac 
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at A -, but by the angles at A the circle BED is Fig 
projeftedintD the line >Qo ThiSfrcfore the angles 41. 
at s are the meafures of the parts of the prcgefted 
circle ^Qj andi is the divldinjg- center thereof,. ■ ^ 

^ E.v: ' ^ ■■■ - '•• "•^■■- •^:../-- ...'•■. 

Cor. a . .^fiy ^r^«/ arWir /Q^ f^ pviij^.^j4 into a line 
cf tangents to. tke radi/isSCl. . /, i , . i.;^. 

. For Q^ is the tangent of t^ jungle, ;QS/ to the 
radius Q^ or Q«i. - \* 

Con 2. ijr /i&^ art"/? ^C />^7} tSro* the center of 
proje^ion-y then A the projeiling pdint is'tiedMif' 
ing center thereof,, ^And-Cff is the tangent of its cor^ 
refpondmt arckCB^p'CA^fker^^ms of^jp^ajeSiion. . 

• • • ■ ' • .■ J , : : • . , 

* Z^/ the parallel eirde'GEAl he as <far from the ^t, 
f>ole of projeffionC ds the circle FKI V^ fi^am its pole 
P ; anii let the- diflancf of the poles Q J? he Ufe&ei 
hy the radius AOy and arax& iADperpendicnlarjif 
AO ; then any right liHi hek draion "tiri* ^, will eiit 
off the arches hi =- F«, andge r: kf (fuppofmg-f the 
ether vertex)^ in the repnfenfations ofitheje equal dr^ 
(les in the plane of prej^ion. 




For let 9, E, R, L, H, N, R, K, I be refgec-^ 
tiyejy projcfted into the points i-^.^* >;;; /,\i5,"^ r, 
k^f Then fince in the fphere, the arch fiFri 
DH, and arch BG = DI. And' the -^feat eifclfe 
BpKP ipajkes the angles at B and D equd, ^nd "& 
'projefted into si right line ^s bl ^ thcr^ftilre' tKe/tri- 
angular figures BFN'^nd I5HL are finiifar,;^ana 
equal ; and likewife BGE, and DIK are fimilar and 
equal, and LH = NF, and KI zz EG ; whence 
1$ is eyidf nt their proje(Jliofts /& :^ »F, and kf = ge. 

PROP. 
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PR O P. VII. 

42. . ^f Ms ^94^^^ ^^ ^^ prijeiiUns pf two iqualdr- 
clesj whereof one is as far from its pole P as the other 
from its pole C j which is the emter of projeiiion\ and 
if the Mjiance.pf theprojeHed poles C, p keMvided 
in Oy fS that the degrees in C«, ^ he equals and ibt 
perpendicular oS he ereSkd to the Urn ef meafures gh 
J fay the lines pn^ C/, drawn from the poles C, } 
thrcf any point Qrin this line oS^ will cut off the arcl 
Fu = <cQCp. 


I 


For drawing the great circle GPI, in a plane per 
pendicular to the plane of prbjeftion. The grea 
circle AO perpendicular to CP is projected int< 
^S by Prop. I. Coir. 3. Now let Q^ be the pro 
jiflion of J, ~ and fince pQ, CQ arc right Imej 
therefore they rcpjrefent the great circles Pj^ Cj 
But the ^herical triangle PfC is an iibceles-triac 
gle, and therefore, the angles at P and C are equa 
But becaule P is the pole of FI| therefore tl 
^reat circle P; continued, will cut an arch off I 
=. <: CPf = < PCj St < QCp by Prop. I 
That is (fince F» reprefents the part cut off fro 
FI) arch F» =: arch Ih or < QCh. ^ E. D. 


. Cor. Hence if from the projiSled pdl( p of any ci 
k&, a pet^eHdici^df be efeSed to the line of mtafutt 
it witl cut off a quadrant from the reprefentatic^ 
that circle. 
For that perpendicular will be parallel to OJ 
at an in&iite diftance. 



' '. 


PRO 


> r» ■ • 


S«a.ltt. 6t tut S'PHEftE. 

- ■ • ■■:•'•■• --^ .. ■ Wig, 

PROP. Vltl. 

the projeSied ptlt F. ,/^d if. CgM fbi toftai^ent if 
CA?tMtd,^perfeHS(iilarhthe limof i^ajures 
^ md CAP h ii^ad iy AQ*, imd tbt Hm.i^ikf 
dta'Hm t« *m $^t 3> ^ ^^ f^ <uitb^ Pjik Jm 4, 


^ For the aifcKFS is a q^d^^Ht, and thp ,<^A 
= <i?A + < (?A^ = (becaufe GCA zxAgKp are 
right angles) \f AC + ^fAp-tz^AC + CAp zi <; 
'gAp.^ Tker^fyrcgA's^gAi confeq»ciitly ^' is ^hc 
dividing cemerof ^8 the reprefeiitacioti of GA ; and 
confequently By "Prop. V. .<}^^Bl is the meafure of 
^B. But fince pq repr^ferts a quadrant, therefore 
f kl the pbte ctf g^B, «nd thercJfore the great dfcle 
pdB paffing thrb* ^ poie ci the circles gB ttd Pir 
will cut off equal arches in both, that i& Vd zi gU 
i2<:goB. ^£.D. 


Cor. Th^ <igi>B is 4b^ me^Jiire «/ tbi af^ gfS^ 

For the triangle gpB reptdfeiifts a triangle or the 
fphere wherein the arch which ^B reprefents is equal 
to the angle vrhi^ <£ f TfefeVd^ts, becaufe gp is 
^ degree;^ 'Hioi'efare ^<(;£»^ the m&t[wpt of both. 

Thus far I have treated of the theory; vtksit 
follows is the - pfa£tio^ P^V ^and ^^pends altoge^ 
ther on what is above delivered, in which J th^nk 
WO (SAc^iky' can 6t(:Hr. Ift 'At Gii(m\6nk£!P((^eC' 
tfOli, tlie-J^l^nejpfroJ^aira bff, iSf- ftfpbdfe^ ttf ^tbuclk 

the hemifphere to h^ p6}t6ked, itt m stekexi afid 

the point of contact wiH Be fhe center ofprojeEtUn. 
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Fig. rallcl to this touching plane, the procefs will be no 
42. way different, and 19 only taking ^ greater or leffcr 
radius of projeftion, according to the greater or 
.: Icfler dilftance ; whicH is ill cflfeft pfqdfting a grat- 
er or leffer fphere upon its touching plane. ' ^ 
♦ Wlien you have the fphere to projeft this way, 
upon a giv:en phine; it will affift the imagimatioh; 
if you fuppofe yourfelf placed in the centefryrfthe 
fohere with your face towards the plane,, whoib ]pfofi>- 
tion is given; and from thence projefting with 
^ourcyc, 'die cirotes of the fpi*e^ ii^'this '^toc» 

43- ' ^0 dmm a great* cirde^ thro* a' given fmt^ Md 
nt aghen difiance from tf^ pole of projeffiofu 

•, .1. ♦«•.'.* / ' 

: E>efcribe the circle ADR with the radius of pro^ 
jeftlon, and thro* the given point P draw the right 
line PC A» and Cp, perpiendiciilar to it ; makeith^ 
angle CAE = given diltance Qf,.the;circle from C 
and thro* E defcribe the circle EFG^, and thro* I 
^&sm. the liAe PK' touching the ^ifcle in I, fteA i 
dPIK the circle required. \\ o r 

. ! By tie, plain Scale. . ^ 

. . With tfac; .tangent of the;^ circlets idillancc. fron 
the pole of projection C, defcribe the circle EIF 
and draw PK to tduch this'cirSe j and PIK is th 
f ir9^c reqiured^. V; : , ^.. .,.;. . - r ^^ ^c.;/' 

PROP. iC. Pr^A; • ' ■ 

43.", To draw d great circle perpendicular to 4f giv^ 
great, circle^ which paffes thrV the poWof prof^Slion 
fnddtagiveHi^^^^ •. 

fiulei 


^.i 
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artgle fcLrn the glv^fi '^iftance V ttf»6i drawiCPFig. 
paMU^>TO^3ti' Ajr'thexirck required* - •• -' >4.3.,; 

cin the: giaj^ii ^cSrCie CI^ fet- the taogent of the 
, given diftance, * from* G tjq f ; thnoMvdraw KR per- 1 
pdtid»u]iat to CI, then KP is the cir<^->requircd- 

■ ■». 1 * • I ' • • '. ■ . f * * f • ! <■ "^ ' T * ■* . ' r • ' T 

A-' P vR O P; XI. J»i#.3 


-«# * r • /^ 


v?V ^^^^^^ ^i^ p^t'of a greafcinky pr^fo fet'ony 44. 

iMmii^iir ^4^gr^s thereon. ^ : <^' >^'\ . 1 :i 

' \ «■ . . - 

« • ^ *, 'A §«*•.•«»-, *.»►•• r • • - * "^■'^•♦' y.-» ^.^»^.. r --x '• * -..».» 

v^l^etJSP hei the, gr^at .circJe^.ttOfoSX draw. ll>\ 
perpendicular to EP, and CB parallel.^ jt;.; . Lcr. 
EBD be a.cirdfe defccibfed .with) thie ftdius of pro- 
jc<St;on CB, n>ake lA zi IB 5 then A is the divi^iQg . ; ,., 
center of EP,* cohrequently drawing 'A Pj: the "<! ^ 
lAP zi meafure of the given arch IP. 

Or if the desrees be given, make the^ •<^/IAP 

zz 'iheie'^ ffivdn degrees,, which cuts off IP, the. ijcdx, 


«. / 


.. .1 .,\^ . ..By, Jbe Scale.' .-,'.., ./ . ■ 
i :*DrawICD pi^rpelidicular to. EE\; apply. CJ ^ttf 
the tan^ntSi and fet the fenii-laixgeniL pr its jCpgH 
plement from C to A, gives, the dividing center of 
EP,.&c. . ^ 

PRO P. XII;' M*; - 


1 c 


TV draw a great circle to make agivep angh with ^j. 
a given great circle^ at a given point 5. .^r to meafure 
an angle made by two great circles: ^' - 




Rule. 

Let P be the given point, and PB the given great 
circle. Draw thirS'P, and C the center of projedtion, 
the line PCG, t3a which fromX draw CA perpen* 

dicular. 
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5i..PA and AG pefpfndiwl^ CO it, ^t(Jr^a?$t i^ps?- 
peiidicular to GC, cutting PB in B } draw AO bi- 
fedting the angle CAJP •; then tt the pomt O, make 
BQD = angle ^iven, and frow.D i#w 4fe Uftc 
Di?v^:then BPD i&.jdie ^ngk rtqttwid^ . j ./^ 
Or if the d^reea in the aogteiB^D brtequ«telt\ 
from the points B, D, draw the lines BO, DO; 
and the angle. BOD is the nitalijropf BPD. 

^ €6r. Jf anangUhe ripiirl^ tp Aeifiademf tkefdle 
or cenier of projeSlionj equal to a gi'om ^^le^^^ tlk^Js. 
no more than drawing two. Ims from the center mak-^ 
ing the. angle required. And if one great circle he to 
Ife 2rawn X to^^mther great eirckyU't^nmj^ Jeidrawn 

ti^et its pole.' i'-r ■ • : , -/■'. :.. \ \ '':.::rvr 

^ $L OP. XHI;: -^ra. 


*"* **< I >* 


. \Vith the radiu^ 6f pypje£tion^^C^ and Ji^eater. 
t, defcribe the primitive circle ^^8^. Hy P^t J^op; 
III. and draw ACB, and GCE perpendicular to it. 
Set the circle*s diftance from^ its pole from B to 
H, imd from H to D, arid' M^ ^D. ^«Wth 
radius CE defcribe the ckcte EFQ l^qalm^^ : ' 

By the' Scale: ^ ' " ' 

With the wdi«s CE equal, tcj^fhataingerit of the 
circle's diftance from its pole, defcribe the circk 
EFG, for the circle jequir^d. *. : -r -. .: ^^ * 

48. To draw 4i lejjer circle perpendicular to the plane <j 
projeSion. 

Rule. V I 

Thf o' the center of projflftiQii C, draw it$ p3 
raliel great cVclc. TI. Ac C m$^. t^ .ao^e- ICJ 

an* 
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and TCO =: the given circle's diftance from its pa- Fig. ^ 
rallel great circle. TI; ifeake CL equal . radius of 48^ . 
projcaion, and drawXM perpenificullftr ta <2L. 
Set LM from C to V, or CM from (5=ta F; Then^ 
tWthc vertex V between the -'aflytnptotcs CN,* 
CO defcribc th^ hyperbola WVK. 'Or jo the fo- 
cus F, and femi-tranrverie CV3 defcribethe hyp^*^ 

bola I for the circle required. 

» * . .--. . • • .• '. 

Otberwife by Points. 

, , • • • • « ^ 

Thro* the center of projifftion C draw the line of 
meafures CF, and TCI perpendicular to it, draw 
any number of right Knes CV, DE^^^Gf^ It&c. 
and PQ, RS, TWv&c;^ peipcndicular co.^h An^. " '" 
by Prop. XK maket^Vv'DEi <iH,;&G. e^che-. 
qual to the diftance^of the gi^n circle 6t>mit&pa-L^ 
rallel great circle j then all the points >Wjj S^ Q, V^ 
E, H, K, &C. joiried by a regulai^* oiTOi^^iritt te 
the reprelbntatioA of the circle petqu^cld.* 


,jOa 


' s ^^Or thus, ■ ,;.■:>./ ^'' -:' 

Make the angle /^^ ^ di2lance.i6f thd>gi^)pen clr^ 
cle from its parallel great cirdej. THon^khrof dm 
center c£ projedion C, dr^y? the: great icihde TCI 
parallel to the circle given, upon'^^ie&r ereft;thft 
perpendicvflar CA r: radius of pcqje&ijon;: Alio 
draw any number^ of right lines CV^ URi .GB^ iK; 
&c. perpendicular to TL Then takeieacih of tho 
diftances from A to C« Dy G, I, &d. A^d^ them 
from a to c^g^d^ /, Sec. and to ai draoT the per-r 
pendtculars cVj di, gby ikj &c and make CV^ 
D£y ^GH^ IK, &C. reipedtivcly eoual to £Vy de^ 
gb^ <*; &c. which gives the points V, E, H; K^. 
&c. after the lame manner on the ipther fide, find* 
the points Q, S, W, $tcv chefi thro* all t^ele points: 
W, S, Q, V, E, H, K, &c* draw:i mgalar cunre^ 
which will be an hyperbda repndqnting the^cir* 
cle gi^^n. 
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F^-'^ ' ' By ibe Scale. 

^ * .Take the tangent .of : th^ fircle*s diftance from 
i|s parallel gpeat circle, ^andfet it £rom"C(the cen- 

^ ter.of projeaioir) to Y, And the. fecant thereof from 
Q ^o F, ThpH ;With the Temi-tranTverfe CV, and 
fiicws F, \ 4^fc.ribe the hyperbola '\VVHK. 

PROP. HV . ' ProK "- ' ' 
^^a proje^ atrf teffer oblique circle given* . ^ 

.Draw iJie line of mcafures i^, and « C the 
^^' denter of projcdlion draw C A; 4- xa//^ and zli%diu& 
of projection ; with the center A, - dcfcribe. the jcir- 
cle DCFG ; and draw RAE prallel to dp.: . XJica 
tike tha greateft and leaft mftances of the circle 
frortt the pole of projection and fet froni C,. to D 
and F, for. the circle DFj and ffpni A, the pro* 
jefting point, draw At/, and ADd^ then 3f will 
be the tranfverfe axis of tHe ellipfis. But if D 
fall bey<Mid the line RE, > as. at .G, ' tkenidraw' a fine 
fronl G' backward thro* A to D, and then :(df b 
the tranfirerfe ,of ' an hyperbola. But if the :poi nt 
V fall la the line RE as at £, then the line AE no 
where meets the line of noiealures, and the projec- 
tion df £ is at an infinite diftance, and then the cir* 
ole will be pro^e&ed into a parabola whofe vertex 
is/. L*aftly, bifedt 4^ in H.the center, and for the 
ellipfis take half the difierence of the lines. A//^ 
A/j and fct from H to K for the focus. But for 
^e hyperbola take half the fum of A^, A/, .and fet 
from H to the focus k of the hyperbola. Theit with 
the tranfverfe df zad fociJS K or * .defcribe the el-' 
Hpfis rfM/, or. the hyperibola/nir. For the projec- 
tion of the circle given.. 

• But for the parabola make EQ^ss: Jb/,, and draw 

fn -*- AQ, and fet i»Q^from/ toK the foqus. Then 

i; with 
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with the vertex /and focus k defcribe the parabola Fig. 
finy for the projedion of the given circle FE. 

Otberwife by Points. 

Thro* the center of projcftion C, draw the line .g^ 

. of mcafure^? CFi paffing thro* the pole P (if P is 

giv^n ; but if not, find it, by fetting off CP =1 rhe 

diftance of that pole, from the center of proje<5tion, 

^ by Prop. XL) then fct off PD, PF equal to the 

given diftance from its pole, by ProjJ. XI. Thro' 

1* draw a fufficiejnt number of right lines, La/M^, 

N», O^, Rr^ Sj, &c. which will all reprcfent great 

circles. Find the dividing centers of each of thefe 

. lines ^ tod by Pro|5. XI. fct off upon each of them 

frbni P, the given diftance of the circle from its 

pok, as PLv Pa, PM, P|Ia, &c* and thro' all the 

points L, M, D, O, R, &c., draw a curve Jinc, for 

the circle required. . 

Or thus. 

Draw ttie line of meafures PCG, and by Prop. 49. 
XI. make CG rr the diftance of the parallel great 
circle from the pole of projeftion, and draw AGK 
« perpendicular to it, which will reprefent , a great 
circle whofe pole is P. Draw any number of right 
Knes thro' P to AK, as AP, BP, HP, &c. and by 
Prop. XI. fet off from AK the parts AL, BM, HO, 
&c. each equal to the circlets diftance from its pa- 
rallel great circle. Then all the points L, M, D, 
^O, &c. being joined by a regular curve, will repre- 
fent the parallel circle required. 

Or thus. 

Thro* the center of projeftion C draw the line of 45. 
tneaibrcs DCF, and the radius of projedion CW 
perpendicular to it, and AGK -^- GC, for a great 
circle whofe pole is P. Draw ze;/) z: WP, and wa 
'4^ to it, draw any number of right lines, AP, BP, 
GP^ &c. and make /^^, pb^ pa, &c. = PG^ PB, PA, 
;. .1 D &c, 
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Tig.&c. alfo make the <Z fnvl and pwx = thecirclc^i 

49. diftance from its pole P (or awl zz the diftance finotn 

its parallel great circle) j and upon PG, PB, PA, 

&c. make PD, PM, PL, &c. =pdy pm^ pU &c- re- 

fpedtively. 

Or make GD, BM, AL, &€• 1= gd^ bm^ at^ &c. 
After the fame manner, find the points O, R, &c. 
and thro' all the points R, O, D, M, L, &c. draw 
a regular curve, making no angles, which will rc» 
prcfent the parallel inquired. Likewiie where any 
line ap cuts wx, that diftance from p will give the 
point X, or is =: V>^ ; and fo of any other of the 
lines bpy gp^ &c. 

The reafon of ibis procefs will be plain j ifyoufup^ 
pofi the points />, w applied toP^W '^ ^f^dgy by ay €^c. 
fucc^vehf to G^ B, A, &c. for then 4y my ^ wiUfall 
upon D, M, L, &c. 

By the Scale. 

j^g^ Take the tangents of the circle's nearcft and fur- 
theft diftance from the pole of projeftion, and fet 
from C to/ and ^, gives the vertices, and bifeft df 
in H 9 then take hair the difference, or half the fum, 
of the fecants of the greateft and leaft diftances fi-om 
the pole of projeftion, and fet from H, to K or 
* for the focus of the ellipfis or hyperbola, which 
may then be defcribcd. 

4p, Con If the curve be required to pafs thro* a given 
point S -, meafure PS by Prop. XI, and then the curve 
may be drawn by this Problem. 

PROP. XVL Prob. 

. 47. To find the pole of any circle in the prejeSiony DMF. 

Rule. 
From the center of projection C, draw the radius 
of projeftion C A perpendicular to tlic line of met- 
. , furci 
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fores DF, And to A the projeding point, draw Fig. 
Da, fa, and bifeft the angle D AF by the line AP, 47^ 
then P is the pole. But if the curve be an hyper- 
bola, as/m, ^. 45, you muft produce dAy, and bi- 
feft the angle /AG* And in a parabola, where the 
point d is at an infinite diftance, bifeft the angle/AE. 
Or thus ; Drawing C A perpendicular to DC, draw 
DA, and make the angle DAP =: the circle's dif- 
tance from its pole, gives the pole P. 

By the Scale, 

Draw the, radius of projection CA -i- to the 
Une of meafures DF. Apply CD CF to the tan- 
gents, apd fct the tangent of half the difference of 
their degrees from C to P, if D, F lye on contrary 
fides of C ; but half the fum if on the fame fide, " 
gives P the pole. 

Or thus ; By Prop. XI. fet off from D to P, the 
circle's diftance from its pole, gives the pole P* 

Cor. If it be a great circle as BG ; draw the line 46. 
of meafures GC, and CA -^ to it^ and equal to the 
radius of proje£lion\ make GAP a right angle j and 
P is the pole. 

PROP. XVII. Prob. 

^0 meafure any arch of a lejfer circle \ or tofet any 
number of degrees thereon. 

Rule. 

Let F» be the given circle; From the center of ^g^ 
projeftion C, draw CA perpendicular to the line 
of meafures GH. To P the pole of the given cir- 
cle draw AP, and AO bifefting the angle CAP. 
And draw AD perpendicular to AO. Defcribe 
the circle G/H (by Prop. XIU.) as far from the pole 
<xf pfojeftion C, as the given circle is from its pole 
P. And thro* any given point n in. the circle F/», 
: D » dr^w 
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Fig. draw D«/, gives H/ the number of degrees — F». 

4b. Or the degrees being given and fet from H to l^ the 
line E)/ cuts oflf ¥n equal thereto. 

Or thus ; AO being drawn as before, ereft OS 
perpendicular to CO 5 thro' the given point « draw 
P» cutting OS in Q, then thro' Q draw C/, and the 
angle QCP is = F». Or making QCP =: the dc- 
crees given, draw PQj, and arch ¥n zz tbcfe de- 
grees. 

Or thus \ AO, AP, being drawn as before, draw 
AG perpendicular to AP, and GB perpendicular 
. to GC. Thro* the given point n draw PB cutting 
GB in B, and draw OB, then the < GOB = arch' 
F«. Or making <C GOB zr the given degree^ ; draw 
PB, and it cuts off Vn zz the degrees given* 

By the Scale. 

Let C be the center of prcgeftion, P the pole of 
the given circle. Apply CP to the tangentsi, and 
let the tangent of its half from C to O, and the qo- 
tangent of its half from C to D ; with radius CG r: 
tangent of the degrees in FP the given circle's dif- 
tarice from its pole, defcribe the circle GSH. Then 
D/ drawn thro* n or /, cuts off H/ zz F». 

Or thus ; O being found as before, ereft OS per- 
pendicular to CO ; thro* the given point n draw 
PQ», and < QCH r=: F». 

Or thus ; Apply CP to the tangents, and fet the 
co-tangent thereof from C to G. Ereft GB per- 
pendicular to GC. Thro* n draw P»B, and draw 
BO; then < GOB = F». 


48. 


Cor. If the leffer circle be perpendicular to the plain 
of proje^iion as VHK. Tou have no more to do but 
to draw the perpendiculars VC, HG, to its parallel 
great circle CI. ^hen CG (meafured by Prop. XL) 
^i// be equal to VH ; or the degrees fet from C to G, 
cuts off VH equal thereto. 

S C H 0« 


Sca.IlL OF THE SPHERE- 49 


Scholium. 


Fig. 


This fort of projedtion is little ufed, by reafon of 48. 
feveral of the circles of the fphere fall in ellipfe^ 
and hyperbolas^ which are very difficult to defcribe. 
Notwithftanding it is very convenient for folving 
feme Problems of the fphere, becaufe all the great 
circles are projefted into right lines. And this fort^ 
or the Gnomonic Projeftiori is the very foundation 
of all dialling., For if the fphere be projected oa 
any plane, and upon that fide of it on which the 
fun is to fliine ; and the projefted pole be nude 
the center of the dial, and the axis of the globe 
the Stile or Gnomon, and the radius of projeftion its 
height ; you will have a dial drawn with all its fur- 
niture. Upon this account it deferves to be more 
taken notice of, than at prefent it is. I have in the 
fojegoing propofitions given, I think, all the fun^ 
damental principles of this kind of projeftion, ha- 
vmg met with little or nothing done upon this fub^ 
jcft before. 

GENERAL PROBLEM. 

^0 projeSl the fphere upon any given plane. 

Before you can projeft the fphere upon any plane^ 
you muft: have a perfect knowledge of all its cir-^ 
cles, and their pofitions in refpeft of one another ; 
the dillances of the lefler circles from their poies, 
and . from their parallel great circles; the angles^ 
made by great circles, or their inclinations, to one 
another, particularly ta the primitive circle, oa 
whofe plane ^or a parallel thereto) you are about to. 
projeft the fphere. Then after the primitive cir- 
cle is defcribed ; you muft defcribe all other circles 
concerned in the Problem, according to the rulea 
of that fort of Projection, you are going to tile ; 

D 3 , ' and 
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Fig. and the interfcftion of thcfc circles will determine 
the Problem. 

And note, that the Projeflion of the concave fide 
of the fpherc is more fit for agronomical purpofcs 5 
for in looking at the heavens, we view the conca- 
vity. But it is better to projeft the convex hemis- 
phere in geography, bccaufe we fee the convex fide 
only. 

Tie principal Points^ Angles and Circles of the Sphere 

are as follows. 

I. Points. 
' ^ I. Zenith is the point over our heads, Z. 
^ ' 2. Nadir is the point under our feet, N. 
y'^ 3. Poles of the world are 2 points, round which 
^*' the diurnal revolution is performed, P the north 
pole, p the fouth pole. A line drawn through the 
poles, is called the Axis of the world, as Pf • 

4. The Center of the earth or of the heavens, C. 

5. EquinoSlial Points^ are the points of interfec- 
tion of the Equator and Ecliptic, y» ^. 

6. Solfiitial Point Sy are the beginning of Cancer 
and Capricorn, s, v. 

II. Great Circles. 

1. EquinoHialj is a circle 90 degrees diftant from 
the poles of the world, as EQ. 

2. Meridians^ or hour Circles ; are circles pafling 
thro* the poles of the world, as P o ^, PE/>, &c. 

3. Solfiitial Colure^ is a meridian pafling thro' the 
folftitial points, as Psp. 

4. Equinoctial Colurcy is a meridian paffii^g thro' 
the equinodial points, P C^. 

5. Ecliptic is the circle thro* which the fun fecms 
to move in a year, ^ yf ; it cuts the equinoftial at 
an angle of 23° 30', in pafling thro' the equinodkial 
points. In this are reckoned the 12 Sines, t> 15> 
S> S> ^9 W» as;, m^, ^, vf, », K. 

6. Ho^ 
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6. Harizon^ is a circle dividing the upper from Fig, 
the lower hemifphere, as HO, being go"* diftant 52. 
from the Zenith and Nadir. 5^, 

7. Vertical Circles^ arc circles paifing thro* the, 55^ 
Zenith and Nadir, Z O N. 

8. Circles of Longitude in the heavens, pafs thro* 
the poles of the ecliptic and cm:, it at right angles. 

9. Meridian of a Place, is that Meridian which. 
pafles tbm' the 2^nith, as PZH. 

I o. Prime Verticaly is that wJiich pafles thro* the- 
caft and weft points of the horizon. 

III. 'Lejfer circles. 

.1. Parallels of Latitude are parallel to the equi- 
noftial on the earth, parallels^ of altitude are parallel 
to. the horizon, parallels of declination are parallel 
to the equinoctial in. the heavens. 

2. Tropics, are 2 circles diftant 2^ 30' from the. 
equinodial, the tropic of C(incar. tawards. the norths 
the tropic of Capricorn towards the fouth. 

3^ Polar Circles, are diftant 23.^ 30' from the- 
poles of the world, the jir£lic circle towards.the. 
north, the AntarSlic towards the fouth, 

IV. Jngles and Arches of Circles. 

1.. &»V (or Star's) Altitude^ is an arch q£ the. A? 
zimuth between the fun and horizon, as o B^ 

2. Amplitude is an arch of the horizon, between^ 
fun-rifing and the eaft, or fun-fetting and the weft. 

3., Azimuib^ is. an arch of the horizon betweca. 
the fun's Azimuth circle, and the north or fouth», 
as HB, or OB -, or it is the angle at the zenith^ 
HZBorOZB. 

4. Jisgbt Afcenfton is aaarch of the equator be- 
tween the fun's meridian,, and tlae firft point of 
Aries, as T K. , 

5. Afcenfional Difference is aa arch of the equi- 
no£iial» between the fun's ncu^ridianV and that point. 

D 4 o£ 
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Fig. of the equino&ial that rifes with him, or it is the 

52. angle at the pole between the fun's and the fix o'clock. 

53. meridian. 

§5. 6. Oblique Afcenfion or Htfctnfim^ is the fum or 
difference of the right afcenfion and the afcenfional 
diBferencc. 

7. Suifs Lengitudey is an arch of tht ecliptic, be- 
tween the fun and firft part of Aries, as y O- 

8.V Declination is an arch of the meridian, between 
the equinoftial and the fun, as OK. 

9. Latitude of a Star^ is an arch of a circle oP 
longitude between the ftar and ecliptic. 

' 10. Latitude of a Plane ^ in an arch of the meri- 
dian between the equinoctial and the place. 

1 1 . Longitude of a place on the earth is an arch 
of the equinodial, between the firft meridian (Ifle 
of Ferro)y and the meridian of the place. And 
diff, longitude^ is an arch of the equator, between the 
meridians of the two places, or the angle at the pole. 

12. Hour of the Day^ is art arch of the equmoc- 
tial, between the meridian of the place and the fun's 
meridian, as EK ; or it is the angle they nriake at 
the pole, as EPO. 

Example I. 

TV projeH the fphere upon the plane of the meridian^ 
for May 12, 1 767. Latitude 54'* |. northy at a quar^ 
tet pafi 9 o'clock before noon. 

I. By the Orthographic ProjeSlion. 

52, Here we will projedl th^ convex fide of the eaft^ 
ern hemifphere. With the chord of 6o*» degreed' 
defcribe the primitive circle or meridian of the place 
HZON. Thro' the center C draw the horiion HO ^ 
fet thelatitude 544^ from O to P and from H to^, 
and draw ?p the 6 o'clock meridian. Thro* C draw 
EQ perpendicular to Vp for the equinoftial.' 
Make flD, Qd 18*^ 5' the declination May 12, 
and draw Di the fun's parallel for that day. By 

Prop. 
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Prop. XI. make O G (3 4 hours or) 48^ 45' the Fig. 
fun's iiiftance from the hour of 6, then © is the 5a. 
fun's place. Thro* © by Prop. V. draw AL pa- 
rallel to H © for the fun's parallel of altitude. By 
Prop. yiL draw the meridian P ©^dn4 the azimuth 
2 © N. Aifo the ecliptic will be aif eHipfis paffing 
thro' ©, which cannot conveniently be drawn in 
this projeftion. Alfo draw the parallel Sj i8^ be- 
low the horizon, and where it interfefts Dd ii the 
point g( day breaks if there is any. ; ^fow^the fun 
is at d at 12 o*clock^ it night, and rifts 'at R, at ^ 
o'clock is at G, due eaft at F, at a tjuartcr pall: 
9, and is at D in the meridian at 12 o^clotk. 

Draw GC parallel to HO. Then <5R meafurcd 
by Prop. X-. is 27** 14', and turned into time Callow- 
1 5 degrees for an hoiir) ftiows how long the furr 

(es before 6, to be 1* 49" ; GI meafured by Prop. 
X. gives the azimuth at 6, 79^ 1 &. CR by Cor.- 
Prop. X. §;ives the amplitude 32* 19', and CF gives 
his altitude when eaft 22° 25. FG 1 j* 28' (turned 
into time) is 54"*, and ftiews how long after 6 he 
is due eaft. lO is his altitude at 6, 14^ 38'. AH 
41** 53' is his altitude at ®, or a quarter paft 9; 
and ©L meafured by Prop. X. is his azimuth 
from^the north at the fame time, 122*=* 40'. And 
thus the place of the moon or a ftar being given, it 
may be put into the projeftion, as at *. And its 
altitude, azimuth, amplitude, time cif rifing, &c. 
may all be found, as before for the fun. 

II. Stereograpbically. 

To projeft the fphere on the plane of fhe meri- 53. 
dian^the proje<5ting point in the weftern point of the 
horiz;on ; with cord of 60, draw the primitive cir- 
cle HZON, and thro' C draw HO for the hori- 
zon, and ZN perpendicular thereto for the prime 
vertical. Set the latitude from O to P, and from 
H to p, and draw Pp the 6 o'clock meridian, and 

EQ. 
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Fig. EQ^ perpendicular thereto for the equinoftiaL 
53, Make ED, Qd the declination, and by Prop. XXL 
draw DG^, the fun's parallel for the day. Draw 
the meridian Po^ by Pro^. XVII. making an ah- 
gle of 41** 15' with the primitive, to intcrieft the 
fun's parallel in o , the wn's place at 9*^ 4. Thro* 
O , by Prop. XIL draw the parallel of altitude 
A G L ; thro' © draw, by Prop. XVII. the azi- 
muth ZoN. And by Prop. XIL draw the paral- 
lel Sii i8*» below the horizon, if it cut Ri, gives 
• die point of day break. And thro* G draw the 
parallel of altitude GI. Laftly, by Prop. XX. 
thro' draw the great circle TQ^ cutting the 
cquinodial EQ at an angle of 23* : 30', and this 
is the ecliptic, r the firft point of Aries, and ts$. 
t^at of Libra. 

This done, dR meafured by Prop. XXIIL is 62* 
46', fhows the time of fun riling ; CR by Prop» 
XXIL is the amplitude 32** 19V GI 79* 16' by 
Prop. XXIIL the fun's azimuth at 6. lO 14* 38'' 
his altitude at 6. CF 22" 25' by Prop. XXIL his 
altitude when caft. GF 13** 28' the time when he 
is due eaft. ©B 41^ 53' by Prop. XXIL his alti-^ 
tude at a quarter paft 9 ; the <C0ZP laa^ 40' by 
Prop. XXIV. his. azimuth at that time. Alfo TO^ 
by Prop. XXIL is his longitude 51** 7'. TKWs right 
afcenfion, 48** 40'. 

And the place of the moon or a ftar being given, 
it may be put into the fcheme as at. * ; and itSi 
time of rifing, amplitude, azimuth, &c. found as 
before. 

III. Gnomonicaihf. 

54. To projeft the eaftern hemifphere upon a plane 
parallel to the meridian. About the center or pro- 
jeaion C defcribe the circle HON with the tangent 
of 45 the radius of proieftion, for the primitive. 
Thro' C draw the horizon HO, and the prime ver- 
tical 
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ttcal ZN perpendicular thereto. Set the latitude Fig. 
54 Y froni H to fL and draw the 6 o'clock meri- 54. 
dian Ppj and the^equinpaial EQj)erpcndicular to 
it. Set the tangent of 48* 45' (equal to 3^: hours) 
from C to E, and by Prop. X. draw the meridian 
EL parallel to P^. Make E^ = E^, and < E^ © 
r: 1 8** 5' the fun*s declination, then by Prop. 
XI. O is the fun's place. Thro* © draw the hy- 

{>erbola DQd (by Prop. XIV.) for the fun's paral- 
el of declination ; and draw ©B perpendicular to 
HO, for his azimuth circle. And draw GI per- 
pendicular to HO, and RM, FT, fl Pp. Alfo the 
ecliptic is a right line palling thro* ©, and cutting 
EQ^at an angle of 23*30', which is difficult to 
draw in this projeftion, 

Alfo by Prop. XIV. Draw the parallel Sj i8* 
below the horizon, and if it interfeds Dd^ it gives 
the point of fun rife. 

Then if by Prop. XVII. or XL you meafure GR 
or rather CM, 27** 14', you have the time of fun 
rifing J GF or CT 13** 28 , the time when he is due 
caft. Alfo by Prop. XI. if you meafure CR you 
have the amplitude 32** 19'. CI the comp. of his 
azimuth at fix, 10^ 44'. IG by Prop. XII. his al- 
titude at 6, 14* 38'. CF his altitude when eaft; 
22** 25. And by Prop. XI. ©B = 41^ 53', his 
altitude a quarter pait 9. CB the complement of 
his azimuth at that time, 32** 40". 

And the place of the moon or a ftar being given, 
its place in the projection may be determined as be- 
fore, ajid all the requifites found. 

Ex. 2. 

To projeS the fpbere upon the plane of the folfii" 
tidl colure for latitude 54t iV. May 23, 1767, at 
10 oUhck in the morning. 

Stereogram 
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. ^^' Stereographicalh. 

* The pmjcftion of the weftern^ hemilphere, the 
firft point of Libra^ the projefting point. Defcribe 
the lolftitial colurc PE/)Q^ and me equinoftial co» 
lure P^ perpendicular to it -, and thro* C draw the 
cquino&ial EQ; perpendicular to P/>. Set 23* 30 
from E to s , and from Q^ to V, and draw the e- 
diptic s vf . Set the fun's longitude 6 1 ^ 42' from 
C to O , and thro' draw P©K^ for the 10 o'clock 
meridian. Make KA (two hours or) 30*=*, and draw 
PA^ for the meridian of the place. Set the lati- 
tude of the place 544^ from A to Z, and Z is the 
xenith. About the pole Z defcribe the great circle 
BHS for the horizon of the place. Thro* Z and 
" draw an azimuth circle ZOB. 

Then you have ©K the fun's declination zo^ 33', 
CK his right afcenfion 59^ 35^. OB his altitude 
at 10 o*clock 49* 10' 5 the <:J AZO or PZ© his azi- 
muth at 10 :r HB, 45 • 44'. H the fouth point 
of the horizon. I the point of the ecliptic that is 
in the meridian. T the point of the ecliptic that 
is fetting in the horizon. 

Example. 3. ' 

^6 projeil the fpbere on the plane of the horizon^ 
La^' 35rj N' July 31, 1767, ai \o o'clock. 

Gnomonicaltf. 

56. To project the upper hcmifphere on a plane pa- 
rallel to the horizon. With the radius of projec- 
tion and center C, defcribe the primitive circle 
ADB. Thro* C draw the meridian PE, and AS 
perpendicular to it for the prime vertical. Set 
off CP 35I the latitude and P is the N. Pole, and 
perpendicular to CP draw Vp the 6 o'clock meri- 
dian. Set the complement of the latitude from C 
to E ; and draw EQ perpendicular to CE for the 

cquinoc- 
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equinodial. Make EB 30** (or 2 hours) and draw Fig. 
the 10 o'clock meridian PB. Set the fun's declina- ^o^ 
tion 1 8* 27' from B to O. And © is the place of 
theiun at 10 o'clocku Thro* G draw the azimuth 
circle CQj likewife thro* O, a parallel to the equi- 
noftial EQ^may eafily be defcribed by Prop. XV. 
for the fun*s parallel that day. 

Then CCJmeafured by Prop. XL is jr 30' the 
complement of the altitude. And the angle ECO 
meafured by Cor. Prop. XII. is his azimuth, 65"* 10. 

Scholium. 

After this manner may any Problems of the 
Sphere be folved by any of thefe Projedlions, or 
upon any planes, but upon fome more commodi* 
oufly than upon others. And if in a fpherical tri- 
angle any fides or angles be required, they may be 
projefted according to what is given therein, accord- , 
Ing to any of thefe kinds of proje(5lion before de- 
livered ; and it will be moft eafily done, when you 
chufe fuch a plane to projeft on, that fome given 
fide may be in the primitive, or a given angle at 
the center i and then you need draw no more lines 
or circles than what are immediately concerned 
in that Problem. But always chufe fuch a plane 
to projeft on, where the lines and circles are moft 
eafily drawn, and fo that none of them run out of 
the fch^me. 
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Centripetd and Centrifugal FoRCfi 


SHEWING, 

The Motion of Bodies in Circular Orbits^ and 
in the Conic SedionV ^d other Cunres. 

And explaining the perturbatiiig Force of a third 
Body« With many other Things of like Nature. 

ft 

Being a Work preparatory to Astronomy, and 
the very Bafis thereof. And abfolutely neceflary 
to be known by all fuch as defire to be Profi** 
cients in that Science. 


SoEs uti varies curfusj lunaque meatus 
Nofctri pojfimusy qua vis^ tif caufa cieret 

. LUCRET. Lib. V« 
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JN the following Treatife^ I have explained and demonfira^ 
•* ted the Laws of Centripetel Forces \ a doSfrine upon 
%vhicb all Ajlronomy is grounded j and without the knowledge 
of wbichy no rational account can he given of the motions 
of any of the celejlial bodies ^ as the Comets^ the Planets^ and 
their Satellites, From thefe laws are derived the caufes of 
the various feeming irregularities ohferved in their motions ; 
fnch as their accelerations and retardations ^ their approach- 
ing tOy and receding from the center of force ; irregularity^ 
only in appearance \ but in reality y theje motions are truly 
regular and conformable to the ejlablijhed laws of Nature^ 
From this foundation, we trace the way or path of all the 
planet Sy and dif cover the origin andfpring of all the celef 
tial motions J and clearly under/land and account for all the 
phenomena thence arijing. 

In the fir/l feSlion^ you have the Centripetal Forces of bo- 
dies revolving in circles '^ their velocities^ periodic times ^ 
and dijiances compared together \ their relations and propor- 
tions to each other ; ]and that when they either resolve about 
the fame center^ or about different ones. The different rho^ 
tions caufed by different forces^ or by different central at- 
tracting bodies^ are here Jhewn. We have given likewife 
the periodic time of a ftmple pendulum revolving with a coni- 
cal motion ; and alfo the center of Turbination, and the pe- 
riodic time of a compound pendulum^ or a fyftem of bodies y 
revolving with a conical motion \ as properly belonging in 
the do5lrineof Centripetal Forces. 

In the fecond fe&ion we have Jhewn the motion of bodies 
in the EUlpJisy Hyperbola^ and Parabola ; and in other 
Curves. The proportion of the Centripetal Forces ^ and ve^ 
locities in different parts of the fame Curve. The law of 
Centripetal Forge to defcrtbe a given Curve^ and the velo- 
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city in any point of it ; and more particularly with refptS 
to that law of Centripetal Force that is reciprocally as the 
fquare of the di/iance; which is the grand law of Nature in 
regard to the action of bodies s(pon one another at a dif 
tance^ and according to this laWj is Jhewn the motion of ho* 
dies round one another y and round their common center of 
gravity J and the orbits they will defcribe. 

In the third feSiion we have given the dijlurbing or per-' 
turbating force of a third body y a£fing upon two others that 
revolve round one another. From thefe principles are de- 
duced the errors caufed in the motion of a Satellite j moving 
round its primary planets Towards the end, are feverat 
proportions y by means whereof y the motion of the Nodes^ and, 
variation of inclination of a Satellite* s orbity andfuch Uke 
things may be computed. As thefe things are all laid dowA 
for the fake of underjianding our own Syftem^ I have infert' 
ed fomefew things^ ly way of illiiftration of the ruleSy in. 
regard to the Moon and Jupiter. But as to the Moohy there 
are feme things fo very intrtcate^ and require fucb long and 
iedious calculattonsj as would require a volume of themfelves \ 
fo that the fmall room I am confined to cannot aamit of them ; 
and few would trouble tbemf elves to read them^ if they were, 
there. This lajl feSiion concludes with a few things ofano^ 
ther kindy but depending on the principles' of Centripetal 
Forces. 

Several of thefe things about Centripetal Forces are calcu" 
lated by the method of Fluxions ; and cannot eafily he done 
any other, way ; and mojl of them taken from my book of 
Fluxions. And feveral other things relating to Centripetal 
ForceSy you willalfo find in that book j being forry to trou^ 
ble the reader too much with repeating what I have written 
and publijhed elfewhere. 
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Centripetal and Certrifugal Forc^. 


DEFINITIONS. 

D E F. L ' 

^H E center of attraStioHj is the point towards 
which any body is attra6ted or impelljed, 

D E F. II. 

Centripetal force^ is that force by which a body is 
impelled to a certain point, as a center. Here all 
the particles of the body are equally afted on by 
the force. ^> 

D E F.. Hi. 

Centrifugal force^ is the reliftance a moving body 
makes to prevent its being turned out of its dired:- 
courfe. This is oppofitc and equal to the centri- 
petal force ; for aftion and re-aaion are equal and 
contrary. ^ 

D E F. IV. • 

Angular velocity^ is the quantity of the angle a 
body defcribes in a given time, about a certaiA 
point, as a center. Apparent velocity is the ' fame 
thing. 

D E F. V. 

Periodical tme, is the time of revolution of a bo- 
dy round a center. 

B SECT. 
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SECT, r; 

Tibe motion of bpdks in Circular Orbits: 


PROP. I. 

Fig* 7he centripetal forces^ whereby -equal bodies at equal 
diftances from the centers of forces are drawn to- 
wards tbefe centers ; are hs the quantities of matter 
in the central bodies. 

Tor fince all attra&ion is made towards bodies, 
*v«fy part of the attrafting body mull contribute 
its ihare in that efFedt. Therefore a body twice as 
great will attradt the fame body twice as much ; 
and one thrice as great, thrice as much, and fb on. 
Therefore the attraAion of the central body ; that 
is, the centripetal foi'ce, is as the quantity of mat- 
ter in the attrafting or central body. 

Cor. I. Jny body whether great or little^ placed 
ut tie fame difiance^- is at trailed thro* equal fpaces in 
the fame time^ by the central body. 

For tho* a body twice or thrice as great as ano- 
ther, is drawn with twice or thrice the force ; yet 
it will acquire no greater velocity, nor pafs thro' % 
greater Ipace. For (Prop. V. Cor. 2. Mechan.) 
the velocky generated in a given time, is as the 
force direftly, and quantity of matter reciprocally; 
'and the force, which is the weight of the body, 
"being as the quantity of matter ; therefore the ve- 
locity generated is as the quantity of inatter di- 
feftly^ and quantity of matter reciprocally, and 
th€reft)r€ is a given quantity. 

Cor. 
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Cor. 2. Therefore the centripetal force^ ^ f$rce Yy^. 
towards the centery is not to he meafuredby the quoH' 
tity of the falUng body ; hut ff thefpace it falls thro* 
in a given time. And therefore it is fometimes called 
an acceleraiive force* 

PROP. 11. 

if a body revohes in a circle j and is retained in it; i; 
by a centripetal forcCy tending to the center of it 5 put 
R zz radius of the circle or orbit defcrib$dy AC. 

F = abfolute forcCy at the diftance R. 

s -zijhefpacey a f ailing body could defcend thro% ly 
the force at A, and 

t = time of the defcent. 

tt r= 3.1416. 
"Then its periodic fintCy or the time of one revolution 

will be irts/ — • 

s 

And the velocity^ or fpace it defcrihes in the timet^ 
will be v/2R-r. 

For let AB be a tangent to the circle at A ; take 
AF an infinitely fmall arch, and draw FB perp. to 
AB, and FD perp. to the radius AC. Let the 
body defcend thro* the infinitely fmall hight AD or, 
BF, by the centripetal force in the time i. Now 
that the body may be kept in the Xiircular orbit 
AFE, it ought to defer ibe the arch AF in the 
fame time i , The circuniference of the circle A£ 

is 2^Ri and the arch AF r: v/aR X AD. 

By the laws of failing bodies ^/$ \t i\ v^AD : 

AD 
/ v^--— =.time of moying thro* AD or AF. And 

by uniform motion, as AF, to the dme of its dei* 
fcription : : circuniference AFEA, to the time of 

B 2 one 
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3Fifir« 
,. one revolution ; that is, ^iR x AD : / 4/— • • 

^ T> .; - J- . 2/wR ^R 

2tR : periodic time == ■ ^ == ir / .y—- 

Alfo by the laws of uniform motion, / 4/^ 
or time of defcribing AF : Ap or ^2R x AD : : 

/ : x/zRs zzthe velocity of the body, or fpace 
defcribcd in time /. 

Cor. I, The veloti^ of the revolving body^ is equal 
to that which a famg body acquires in defcending 
thro' half the radius AC, by the force at A uniform- 
ly continued. 

For v/i (hight) : is (the velocity) : : y/JLR (the 

* hight) : \/2Rs^ the velocity acquired by falling 
thro* i R. • ^ 

Cor. 2. Hence ^ if a body revolves uniformly in a 
eirele, by means of a given • centripetal force -^ the 
arch which it defcribes in airy time^ is a mean propar^ 
tional between the diameter of the circky and the 
fpact which the bodf would defcendJhro* in the fame 
time J and with the fame given force. . . 

For 2R (diameter) : s/iRs : : y/iRsy j- where 

v/2Rj is the arch defcribed, and j the fpace defcend- 
cd thro% in the time /. - 

2i Cor. z. If a body revolves in aipf iurve AFQ, 
about the center of force s 5 and if AC orRbe the 
radius of curvature in any point A j s zi fpace defcend-^ 
ed by the force, directed to C. Then the velocity in A 

willbex/2Rs. • . 

For this is the velocity in the circle ; and there- 
fore in the curve, which coincides with it. 


A i 
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« k 


If fiver al bodies revolve in circles rounds the fame '• 
or different c^ters\ tl^e periodic times will be as tie 
fquare roots of the radii direilfyj and the fquare roots 
of the centripetal forces reciprocally. 

LiCt F = centripetal force at A tending to the 

center C of the circle. 

V zz velocity of the body. 

..: R = radius AC of the circle. 

P = periodic time. 

2R 
Then (Prop. II.) P = tt / y/— • But s is as the 

2R 
force F that generates it j whence P =r ir / s/^^ 

and fince 2, «• and / are given quantities, therefore 

R 
POCv/^- 

Cor. I. Theferiodie times are as the radH t&reStjy 
and the velocities reciprocal^. 

For (Prop. II.; V = v/zRj = ^/aRF, and V» 
= aRF, and P = * / v'-tt, and PP = »» /* x 

- pT. therefore P» V* = ^ /* X 4R% and P :s 

»•»/* X4R* ,^ F/X2R ^R 

« — ^^ , andP= — ^ — OCy* ' 

s 

Cor. 2. The periodic times are as the velocities di- 
re ffh. and the centripetat forces. reciprocally. 

. •' VV ,R ' 

For V* =; zRj = aRFj and R = ;^ and -^ 

. V y „ R V 

- ^ OCp- But(Cor. i..)J» QCy OC p! ... 

• B 5 Cor4 


1 *. - 1 
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. ^ig. Con 3. If the periodic times are equals the veh^ 

I. diies^ andalfi tbi eeniripetal foreesy will be as tbe 

radii. 
,: / R R V 

For if P be g^vcn j then «» and ^» and rt arc 

^ given ratios. 

Cor. 4. If tbe periodic times are as tbe fquare 
rfpts of tbe radif ; tbe velocities wHl be as tbe fquare 
roots of tbe radiiy and tbe centripetal forces equal. 

For (^Prop. III. and Cor, i.) putting y^ for Pt 

wchavcy/RoCvZ-p: OC ^Therefore x OC-^ppC 

/R 

,-y-, and v^ OC V, and \/F is a given quantity^ 

Cor. 5. If tbe periodic times are as tbe radii ; tbe 
<wloeitiis will be equals iind tbe centripetal forces re-- 
ciprocally as tbe radii. 

R R 

For putting R for P, we have R OC ^/p OC y j 

whence v/R OC 7^, and i oc y 5 that is, R 

. CC -p or the centripetal force is reciprocally as 

the. radius ; and V is a givpn quantity. 

Cor. 6. If tbe periodic times are in tbe fefquipUcate 
raHo of tbe radii -y tbe velocities will be reciprocally as 
tbe fquare roots of the radiiy and tbe centripetal forces 
reciprocally as tbe fquares of tbe radii, 

R R 

Put R'forP, then R* OCv/p OCyjandR oC 

•yp or RR OC ji> and y/K oC y ♦ 

Cor. 7. If tbe periodic times he as tbe nth power 
of tbe radius % then tbe velocities will he reciprocally as, 
tbe n — V^ p9voer of the radiiy and the centripetal 

forces 
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forces reciprocally as the 2» r— i'* pfwer of the Fia 
ram. • i. 

R R 

Put R* for P, then R* OC \/ p OC y • Whence 

P R O ?• IV. 

If fiver at bodies revolve in circles round the fame i. 
9r different centers ; the velocities are as the ram di^ 
Ufffyj and periodic times nciprocaUf. 

« 

For putting the fame letters as in Prop. III. we 

hare (by Prop. II.) V = ^TRszz v/IrF j and P 

V 

0C-j(byCor.2.Pr.lII.),andPF OCV,andF oC 

Y Whence V = v/^RF = ^ 2R X X, and V*, 

2RV , , ' 2R R 
:= -p-» and V = -p OC p • 

Cor, I. 7be velocities are as the periodical times^ 
and the centripetal forces. 
For we had PF oC V. 

Cor. 2. Thefquares of the velocities are as tbera^ 

du and the centripetal forces. 

For V =: v/aRF. 

Cor. 3. If the velocities are equal \ the periodic 
times are as the radii, and the radii redprccally as 
the centripetal forces. 

R 

For if V be given, its equal p is a given ratio y 

and \/RF is given, whence R OCp • 

B 4 Con 
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Fig. Cor. 4. If the velocities he m tb^ r^diij the peria^ 
t.^ die times will be tj/e fame 5 and the centripetal forces, 
as the radii. ' ' . 

For thcnV or R OC p, and i OC p- AUb R = 

V<2RF; whence R OCF. 

Cor. 5. If the velocities he reciprocaUf as the radih 
the centripetal forces are reciprocally as the cuhes of 
the radii \ and the periodic times as the fc^uares of tb^ 

radii. 

' I" • I 

For put |: for V, then (Cor. 2.) g. =: \/2RF, 

I R 

•^ = 2RF, whence F OC si' AUb g- OC p» and 

p aRR. 

PROP. V- 

I, ' If feveral bodies revolve in circles about the fame 
or different centers \ the centripetal forces are as the 
radii dire£lly^ and the fquartis of thf periodic times 

reciprocally. 

Put the fame letters as in Prop, III. Then (Prop. 

,, V -r. .^R .2R , ^^ 

II.) P = T ts/— = V / v^ p-, and PP = v^« 

X p-, and PPF = 2T9r//R ; whence F — pp - 

. w pp 

Cor. I. T!he centripetal forces are as the velocities 

direSlly^ and the periodic times reciprocally. - 

R R V' 

For (Prop. IV,) V OCpiandF OCpp OCp- 

Cor. 2. Yhe centripetal forceSy are as the fquares 
of the velocities direSly^ and the radii reciprocqlly^ 

For. 


Sea. I. CENTRIPETAL fORCESl 9 

V ■ Fig. 

For (Cor. i.) F OC^, andFP OCV.But (Prop, jf 

R ^ ^„ FR/ , 

III. Cor. I.) P OCy» therefore FP QC-y-* ^^^ 

FR VV 

fore-n- OCV, and F OC^* 

Cor. 3. If the centripetal forces are equal \ the ve- 
locities are as the periodic times ; and the radii as the 
fquares of the periodic times^ or as the fquares of the 
velocities, ^ , 

Cor. 4. If the centripetal forces be as the rami^ 
the periodic times will be equal. 

For F OCpp» and ^ ^f^? and it g be a 

T *• • • '" 

given ratio, pp will be given, as alfo ?• 

Cor. 5. If the centripetal forces be reciprocally as 
the fquares of, the diftances ; the fquares of the peri- 
odical times will be as the cubes of the diftances ; and 
the velocities reciprocally as the fquare roots of the 

^iftances. . 

I I R - 

For writing ^">r F» ^"^^ KK °^p;p* ^™ 

pi a given quantity. And ^^ ^"iT* ^^^ r®^ 

VV, or v/ g; OCV. 

P R O P. VI, 

If fever al bodies revolve in circles^ about the fame '• 
or different centers ; the radii are dire5ily as the centri- 
petal forces^ and the fquares of the periodic times. 

For (Prop; II.) putting the fame letters as bc- 

2R ^R , x.« 

fore, P sz 9r / y/ — r: «• / \/-p-» and PP = irmtt 

2R " 

j< Y> and PPF = 2^7r/;R OC R. 

Cor, 


/ - 
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•Fig. Cor. I* Tke radii are direHfyas the velocities and 
I . periodic times. 

For (Prop. IV. Cor. i.) PF OC V^ but PPF OC 
R-, therefore PV ocR- 

Cor. 2. I'be radii are as the fquares of the vekci^ 
ties direHly^ and the centripetal forces reciprocally. 

V 

¥w (Prop. III. Cor. 2.) P OC p^ but (Cor. r.) 

VV 
R OCPV ; therefore R OC jp— 

Cor. . 3 . If the radii are equal ; the centripetal foree$ 
are as the fquares of the velocities^ and reciprocally 
as the fquares of the periodic times. And the veloci^ 
ties reciprocallly as the periodic times. 

VV 

For if R be given, -p-^and PPF, and PV,arc given 

xjuantities, and F OCVV,orF OCppandV OCp* 

Scholium. 
The converfe of all thefe propoGtions and corol- 
laries are equally true. And what isdemonftratcd 
of centripetal forces, is equally true of centrifugal 
forces, they being equal and contrary, 

PROP. VII. 

I. The quantities of matter in all at trailing bodies^ 
having others revolving about them in circles ; are as 
the cubes of the diftances direSly^ and the fquares of 

the periodical times reciprocally. 

I ■ I 

Let M be the quantity of matter in any central 
attrafting body. Then fince it appears, from all 
iftronomical obfervations, that the fquares of the 
periodical times' are as the cubes erf the diftances, 
of the planets, and fat»llites from their relpcdtive 

centers. 
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centers. Therefore (Cor. 6. Prop. III.) the centri- Fig. 
petal forces will be reciprocally as the fquares of the t. 

diftances j that is, F OC^* And (Prop. I.) 

tjie attra£tive force at a given diftance, is as the 
body M, therefore the abfolutc force of the body 

M is as ^- And (Prop. V.) fkice F OCpp. put 

M . M ,^ R . 

^ inftead of F, and v^^ have ^ OC pp. and 

R' 

M cx: pi- 

Cor. I. Henct inftead of F in awf of tbeforegm^ 
propofitions sttd their eorollarieSy one may fubftitute 

^, -which is the force that the attraSting body in C, 

exerts at A, 

Cor. 2. The attraHive force of any hdy^ is as 
the quantity of matter direHlyi and the fquare.cf ibe 

diftance reciprocally^ 

PROP. VIII. 

If the centripetal force be as the diftance from the 3. 
center C. A body let fall from any point A, wiUfeM 
to the unter in the fame time^ that a body revohit^ 
in the circular orbit ALEA, at the diftance CAt 
V^ould defcribe the quadrant AGL. 

The truth of this is very readily (hewn by fluxionJii 
thus, put AC =: r, AH =1 pc, t = time of defcril>. 
ing AH, V zz the velocity at H. F = force at H, 

which is as CH or r — x. Then (Mechan. Cor. %. 
Prop. V.) the velocity generated is as thcforeeand 
time; that is» v ocF^- Alfe (Mechan- Prop, HI. . 
Cor. I.) thetime i$a3 the fpace4m<iedby thevwoei^ 
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^*& , . : ^ , ^ • F*' ^ — . 

3. fy;.thatis, / OC-^ 5 therefore vOC — OC 


W 


and ^w OC r — ;? x x^ and the jBuent is 

^^ , y— — ^ 

HG V that is, the velocity at H is a^s the ordi 
HG of the circle. 

Now it is evident, that in the time the rev 
ing body defcribes the infinitely fmall arch AF, 
falling body will defcend thro' the verfed fine J 
and would defcribe twice AD in the fame ti 
-with the velocity in D. Therefore we fliall ha^ 
velocity at F : velocity at D : : AF or FD : 2I 
and velocity at D : velocity at H ; : AF or FD : GJ 

therefore, 

velocity at F or G : velocity at H : : AF* :• 2 AD 

AF* "^ - * 

GH: : j^ : GH ; : CA or CG : GH. B 

drawing an ordinate infinitely near GH; by t 
nature of the circlcj^ it will be, as GC : GH : : 
the increment of the curve AG : to the increme 
of the axis AH. And therefore,, veL at G : v< 
at H : : as the increment of AG : to the increme 
of AH. Therefore fince the velocities are as tf 
ipaccs defcribed, the times of defcription will t 
equal ; and the fcveral parts of the arch AGL ar 
defcribed in the fame times as the correlponden 
parts of the radius AHC. And by coDnpofition 
the arch' AG and abfcifla AH, as alfo the quadran 
AL and radius AC, are defcribed in equal times. 

. Cor. I. The velocity of the defc ending kdy at an^ 
place H^ is as the Jine GH. 

Cor. 2. Jnd the time of defcending tbro^ anf 'uerfii 
Jine AH, is, as the ofrrej^onding arch hG. 

Cor* 
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Cor. 3. All the times of falling from aty altitudes Fig. 
'whatever^ to the center C, will be equal. . 3. 

/ For thefe times are ^ the periodic times; and 
(Prop. V. Cor. 4.) thefe periodic times are all eqUal. 

Cor. 4. in the time of one, revolution^ the falling 
hody will have moved thro* C to E, and hacjc again 
thro* C to A, pteHing the revolving body again at A. 

Cor. 5* ^be velocity of the falling body at the ceu^ 
ter C, is equal to the velocity of the revolving body. 

For the velocities are as the lines GH and GC i 
and thefe are equal, when G comes to L« 

P R O P. IX. 

If a pendulum AB be fufpended at A, and be made 4* 
to revolve by a conical motion^ and defcribe the circle 
BEDH parallel to the horizon. 

Put IT = 3.1416; p = 16-^ feetj the ff ace de^ 
fcended by gravity in the time t. 

S'hen the periodical time of B will be irt y/ -t~* ^ 

For (Mechan. Prop. VIII.) if the axis AC re- 
prefents the weight of the body, AB will be the 
force ftretching the (bring, and BC the^ force tend- 
ing to the center C. Alfo (Mechan. Prop. VI.) if 
the time is given, the fpace d^fcribed will be as the 

BC 
force ; whence AC : BC : : ;> : : xr P = ^\^^ fp^c^ 

defcended towards C, by the force BC, in the time 
/. This is the fpace s in Prop. II. . Therefore in- 
ftead of s put its value in the periodical time, and 
(by Prop. II.) we Ihall have the periodic al time of the 

2R / ^ AC 

peadulum zz tt / \/y = tt / ^ 2BC X gQTrr 

Cor. 
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Fig. Cor. I. In all pgndulumsj the periodic times are as 
4, the fquare roots of the bights of the cones^ AC. ' 
For V, /, and p are given quantitieis. 

Cor. 2. If the bights of the cones be tbefam^y the 
periodic times will be tbefamcy whatever be the radius 
^tbebafeBC. 

Cor. 3. The femiperiodic time of revolution^ is 
ijual to the time of of dilation of a pendukm^ whofe 
kngtb ^ AC, the bight of the cone. 

J AC 

For by the laws of falling bodies, / s/-— = 

time of falling thro* 4 AC ; and therefore (Me- 
dian. Prop. XXIV.) I : ^ : : / ^~ : n t ^/^ 

2AC 

= ^t/ v/— -, the time of vibration, which is 
half the periodical time. 

Cor. 4. The fpace defcended by a falling body^ in 
the time of one revolution^ will be tttt X 2 AC. 

2AC 

For // (time) : p (hight) : : wfrtt x -r- (per. 

time) : mr X 2 AC = hight defcended in that time. 

Cor. 5. The periodic time^ or time of one revolu^ 

iton^ is equal to ir\/i X time of falling thro" AC. 

AC 

For the time of falling thro* AC is / ^ — • 

Cor. 6. The weight of the pendulum is to the cen^ 
trifugal force \ as the hight of the cone AC, to the 
radius of the bafe CB. And therefore when the bight 
CA is equal to the radius CB; the centripetal or 
centrifugal force is equal to the gravity. 


PROP. 
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Fig, 
P R O P. X. * 

Sufpofi £t fyfiem of bodies A, B, C, to revolve $• 
with a conical motion about the axis TR perp. to the 
borizony fo as to keep the fame fide always towards 
the axis of revolution^ and the fame pqfition amon^ 
tbemfelves. 

To find the periodical time of the whole fyfitm^ 

I. Let A, B, C be all fituated in one plane 
paffing thro* TR, From A, B» C let fail the 
perpendiculars Atf, B^, Cf, upon the axis TR. 
And let A, B, C reprefent the quantities of matter 
in the bodies A, B, C, Alfo put b zz i6^ feet, . 
the hight a body falls in the time / by gravity ; w 
= 3.i4idi P = the periodic time of the lyftem# 

By the rcfolution of forces, Ta (gravity) : Atf 

(force in direfldon Ka) \\h \t^ b zz Ipace dc- • 

fc^nded by A towards /z in the time i, which is aa 

the velocity generated by the force Aa. There- 

Aa 
fore Y' bA zz motion generated in A in diredlion 

A^* And the force in direftion Aa to move the 

fyftem towards TR, by the power of the lever 

Aa 
TA, is;p- i&A X Ta or Aa X bA. This is the 

centripetal force of the fyftem, arifing from the gra* 
vity of A, In like manner the centripetal forces 
. arifing from B and C, will be B;^ X bB and Cc X hC. 
Biy the laws of uniform, motion, P : 2* X Aj : : • 

/ : p z: arch defcribed by A in the time 

, 4'r7r// X Atf* 27F7rtt X Aa 

t. And pp X %Aa ^^ — "T? ^ diftance it 

is drawn from the tangent in that time, or as the 

, , /. ' 2^^// X A^ ^ 
vcloaty generated ; and therefore pp — ^ X A 
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Fig. =: motion of A tending from the center a^ by the 
5. revolution of the fyftem. And the, force in direc- 
tion ^A, to move the fyftem from TR, by the 

power of the lever TA, will be ; pS A X 

Ttf. And this is the centrifugal force of the fyf- 
tem acifing from the revolution of A, And in like 
manner the centrifugal forces arifing from B and 

C,. will be pp B X T^, and — ^pp — — C 

xTf. 

• But becaufe the whole fyftem always keeps at 
the fame diftance from the axis TF, in its revolu- 
tion-, therefore the fum of all the centripetal forces 
muft be equal to the fum of all the centrifugal 
forces. Whence Atf X i&A = B^ X i&B + C/ X i&C =r 

^^ X into A^ xTtf X A + B^ X T^X B + Qc 

2 
X Tr X C. And confequently V = v t s/-^ X 

Jka X T^ X A + B^ X T^ X B + Cf X Tf X C 
^' A/j X A + B^ X fi 4- Cc X C "*' 

2. If the bodies are not all in one plane, let N 
be the center of gravity of the bodies A, B, C. 
And thro* N draw the plane TNR; and from all 
the bodies, let fall perpendiculars upon that plane. 
Then the periodic time will be the fame as if all 
the bodies were placed in thefe points where the 
, perpendiculars cut the plane. For if vd be one ot 
the bodies, and mQ perp. to the plane. Then the 
centripetal and centrifugal forces of m in direftion 

cm^ will be cm X hm and ^p m X mc. But 

the force cm is divided into the two forces ^Q, Ci»* 
And all the forces Qm deftroy one another, be- 
caufe the plane, TNf, pafles thro* their center of 
gravity. Therefore the plane is only adted on by 

the 
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the remaining force cC. , So that the centripetal Fig. 
and centrifugal forces will be the fame as before, 5. 
when the body was placed in C ; and the periodic 
time is the fame. 

* — * ' ' 

Cor. I. If N« ie Jrawn from the center of gra- 
mty perp. to TFj then the periodic time of the fyf- 

z 
tem^ P = ^^\/j X 

TaXAaXA + T^ X B* x B + T^X Cr xG 


■* • 1 


N»XA + B + C 
For (Mechan. Prop. XXXV.) Aa X A + B* x 

B + Cc X C — N» X A + B + C. 

Cor. '2. ^be length of a ftmple pendulum^ making 
two vibrations^ or an exceeding fmall conical motion^ 
in the fame periodic time^ will be 
Tax AaX A + Tbx B bxB + TcXCcXC 

N« X A + B + C 

For let TO be the hight of the cone defcribed 

linrtt 

by the pendulum ; then (Prop. IX.) PP = —j- X 

TO ; therefore TO = 

TaXAaxA + T^ X B^ X B + TrXCfXC 


N» X A + B + C 


• I 


Cor. 3. If TO be the length of an ifocronal pen^ 
dulum^ then O is the center of gravity of all the pe- 
ripheries • defcribed ^ A, B, C •, each multiplied by - 
the body ; whether A, B, C be the places of the bo'- 
dies J or the points of projeaion upon the plane TNR. 

For if ^tf X A, B^ X B, Cr X C be taken for 
bodies, tHeir center of gravity will be diftant from 
T, the length 
TgxAgX A + T^XB^XB + TfXCf xC 

Ai^X A4-B^Xii + CVXC ^^^ 

C chan. 
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Fig. than. Prop- XXXV.) Which is fcqual to TO by 
5. Con 2. and the peripherics are as the radii, A^, B^, 
C^. 

Cor. 4. If any of the bodies he on the tontraty fide 
' of the axis TR, or, above the point of fufpenfion T 5 
that diftance muji be negative. 

Cor. 5. If any line or plane figure be placed in the 
plane TNR ; then the point O, which gives the length 
of the pendulum^ will be the center of gravity y of 
the furface or folidj defcribed in its revolution. 

S C H O L I U M, 

The point O which gives the length of the ifiK 
cronal pendulum 5 is called the center of turbina- 
tion or revolution. And the plane TNR pMfing 
thro* the center of gravity, the turbinating pkne. 


SECT. 



['9 1 

I 

SECT. n. 

motion of bodies in all forts of 
Curve Lines. 
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PROP. XL 

^T^HE areas ^ which a revolving hefy defcribes hVig. 
radii drawn to a fixed center offorcCy arefropor- 6^ * 
tional to the times of defcniption ^ and are all in tht 
fame immoveable plane. 

Let S be the center of force 5 and let the time 
^ divided into very fmali equal parts* In the firffc 
part of time let the body defcribc the line AB j 
then if nothing hindered, it would defcribe BK =: 
AB, in the fecond part of time ; and then the area 
ASB r: BSKv But in the point B let the centri- 
petal force aft by a fingle but ftrong impulfe, and 
caufe the body to defcribe the line EC. Draw KC 
parallel to SB, and compleat the parallelogram 
BKCr, then the triangle SBC = SBK, being be- 
tween the fame parallels ; therefore SBC r: SBA^ 
arid in the fame plane. Alfo the body moving uni- 
formly, would in another part of time defcribe Cm 
= CB ; but at C, at the end of the fecond part 0% 
time, let it be afted on, by another impulfe and 
carried along the line CD •, draw mt) parallel to 
CS, and D will be the place of the body after the 
third part of time •, and the triangle SCD 1= SCm 
r: SCB, and all in the fame plane. After the 
fame manner let the force aft fucceflively at D, 
E, F, &c. And making D» z= DC, and E^ =: 
ED, &c. and compleating the parallelograms as 

C 2 before 5 
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Fig before ; the triangle CSm = CSD = DS» = DSE 
6. r= ESo zz ESF, &c. and all in the fame im- 
moveable plane. Therefore in eqUal times equal 
areas are defbribed ; and by compounding, the fum 
of all the areas is as the time of defcriptiOA. Now 
let the number of triangles be increafed, and their 
breadth dlminifhed ad infinitum ^ and the centri- 
petal force will aft continually, and the figure 
ABCDEF, &c. will become a curve -, and the areas 
will be proportional to the times of • defcription. 

Cor. I. If a hdy defcrihes areas proportional to 
the times J , about at^ point -, // is urged towards that 
' point by the centripetal force. 

For a body cannot dcfcribe areas proportional to 
the times, . about two different points or centers, in 
the fame plane. 

Cor. 2. The velocity of a body revolving in a 
curvCj is reciprocally as the perpendicular to the tan- 
gent^ in that point of the curve. 

For the area of any of thefc little triangles being 
. given -, the bafe (which reprefents the velocity) is 
reciprocally as the perpendicular. 

7- Cor. 3. The '^angular velocity at the center of 
force^ is reciprocally as the fquare of its diftancefrom 
that center. 

For if the fmall triangles CSD, and SB A be 
" equal, t&ey are defcribed in equal times. The 

SCXCQ ^ ^^^ SBxBP 

area CSD = -^^ and area SB A ti ~ — i 

2 2 

therefore SC X CQ^= SB X BP. But the angle 

CSD : angle ASB : : CQ^: cq ::SC X CQj SC X 

cq :: SB XBP : SC X cq : : area SBA : area Scq : : 

SB* : Sr* or SC*. - 

PROP. 
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PROP. XII. 

• If a body revolving in any curve VIL, he urged hy 
a centripetal farce tending towards the center S \ the 
centripetal ftnrce in any point I of the curve will be as 

~5 where p zz perpendicular 'S? m the tangent at 
p^d * 

I, and d — the diftance SL • 

For take the point K infinitely near I, and draw 
the lines SI, SK; and the tangents- IP, K/-, and 
the perpendiculars SP, S/. Alfo' draw ¥jn^¥ji 
paraUel to SP, SI, and KN perp. to SI. 

The triangles ISP, IKN. .»K»?, are fimilar; as 
alfo IK», l?q. Therefore Ij or IP : IK : : gP : 
Yjn. And ES : IP : : Kw : mn. And IN .: IK : : 
mn : »K. And multiplying the terms of thefe three 
proportions, IP X PS X IN : IK X IP X IK : : 
q?x¥MXmn\¥jnXmnX nK. That is, PS X 

IN : IK* ::qP;nK= pfxlN* But (Mechan. 

Prop. VI.) the fpace »K, thro' which the body is 
drawn from the tangent, is as the force and fquare 
of the time; that is (Prop. XL) as the force and 
fquare of the area ISK, or as the force X SP X 
KN% or becaufe SI X KN = twice the triangle 
ISK = IK X SP 5 therefore »K is as the force X 
IK* X PS*. Therefore the force at I is as 
nK Pg X IK* . _ Pq _ 

IK* ?< PS* •- PS X IN X IK* X PS* - PSj X IN "" 

p 

' Cor. I. The eentripetdl forte at I /j^J crtyKN" * 
'^ '^ SB* X IK** C 3 Coy. 


Fig. 
8. 
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Fig. Cor. 2. Htnce the radius ef (urvtHitre ittl^ is zs. 

sTsixiN 


■^"—^ 


IK* 

For that radius = g;j = (by the fimiltr trkn» 

IK X IP 
glcs IK»i, Iq?) ■ ■ p = (by the fimilar tpian- 

SI X IN * 

glc5 IPS, INK) p^ ' 

P R O P. Xm. Pfv*. 

TV ;£» J the km af the centripBtal foricfiy Hjujfiti 
to make a body move in a given eurve line* 

Let the diftance SI z= dy the peipencjicubr SP 
(upon the tangent at I) = ^ ; then from the na- 
ture of the curve, find the value of p in torms of 
</, and' fubftitute it and its fluxion, in the quantity 

L. 

^ . ^ ,. , ^ ^K . »K 

Or find the value of gp ^ jrjj« ^^ SFlTlK*' 

Any of thefe will give the law of centripetal force, 
by the laft Prop- 

£x. I. 

If a body revolves in the circumference of a cir^ 
<ic ; to find the force direSied to a given point S« 

Draw SI to the body at I, SP perp to the tan- 
gent PI, SG perp. to the radius CI. Then SP tz 
GI ; bccaufe SGIP is a parallelogram. Put SI = 
dy SP = /, SC ±; a^ CI = r, CD = x^ ID be- 
ing perp. to Sp. Then in the obtufe angle SCI» 
SP 5= SC* + CP + 2SCD, or ^// =. «« + rr + 

dd "^ aa "^^ rr 
2axi whence x zz ■ " — ^ — • The triangles 

SCQ and CID are fimilar, whence CI (r) : CD 


. • . 
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(,> = .SCW:CG=^' = ^=^i:ir. ^F* 

■ . ' Mrr. M. — rr ■ dd -^ rr — aa 

P — *■ + Tr =s ^ ^^ s and 

^ = ^- Therefore the force (1 ) is as — = 
^' ^rx^ + /r-^«^* *^*^^» th^forceisas 

And if ii r= r, the force is as j^v 

, Ex. 2. 
J/" ^ iodji revcPves in an ellipjis'^ to find the force lo* 
tending to the center C. 

' Let 4- trahrverTe C V =: ir, 4- conjugate CD r: a 
draw CI z= J, and its femiconjugate CR = K 
Then by the properties of the ellipfis ("Con, StGt. 
9. I. Prop. X XXIVQ bb + ^dd =rr + cc, 

whence b = \/rr +. cc — dd ; and (ib. Prop, 

XXXVH.) b or\/rT + cc ^ dd : c : :r : p 'zz 

v/PTTTTirSg^ '''^^ = rr+cc^d2\i''^^'''^ 

- p crdd rr + cc — dd^^ » 

fore-^ rr-is; , i, /:£ X rr — =;^* 

^^i rr + cc — dip^ c^r^d 

Therefore the force is direftly as the diftance GL 
After the fame uianner, the force tending to the 

center of an hyperbola^ will be found ^t^^ whicK 

IS ft eentrifogal force, dire£Uy as the diftance,. 

Ex. 3. 
if a body revolves in an etUpfis^ tb find the law rf itx 
centripetal force^ tending to the focus S^ 

C 4 Let 
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Fig. Let the iemitranfverfe OV = r, the fcmiconju- 
XI. gate OD = f, draw SI == di and OI, and its 
conjugate OK ::=. ^, 
. Then (Con. Se&. B. L Prop. XXXY .) 2rd ^ d d 

= M i and (ib. Prop. XXXVI.) * or Vird-^di = 

t i: a: p =: >u--. - — ar; and « = 

*^ y/zrd—dd ^ 

ct*^ird —dd—- cdX ird-^dd^'^Xri — M _ 


*■ I ■■ ■— It— ^i*«— 


2r^ — Jd 
cdXzrd— dd — r/ x rd — dd ^ ^^^ 


zrd^TI^ 2rd — 4d]i 

Therefore -^ = _\ = -12j =7^" 

^ ^V/. c^d^d X 2dr ^ dj\i ^^' ^^ 

Therefore the centripetal force is as -ng^ or recipro- 
cally as the iquare of the diftance. ^ * 

Ex. 4.. 

12. ^f ^ ^^^y ^^ohes in the hyperbola VI ; t a find tbt 
lam jof centripttd force^ tending to the focus S; 
. Draw SI, and the, tangent IT, and SP perp<^ 
upon it. And let the femitranfverfe* SO = r, fc- 
miconjugate = ty SI ='J, SB =^, and b zz fc-» 
niiconjugate to lO. 
Then ^Con Seft, B. IL Prop. XXXI.) %rd + 

dd =: bby and b zz y/zrd + dd. And (ib. Prop, 

.XXXII.) b or y/zrd + dd : c : \ d i p ^ 

cd ^ 

y ■ :; whence /> 2= 
\r2rd + da ' 

ei X \^2rd + dd — cd X ird + dd'^^ X rd + dd 
,. ^^^ _ ^ ^^ ™ 

^ €dX 2r d +ld^ cd X rd + dd _ /^^^ 

" * ^*" — — — — i ^—— ■»— ■ ' ' ' '- -. zmi ■ ^■' - "nj^* 

Therms 
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_. - i erJJ X urd + d^U o-i f»g« 

-^» Therefore the centripetal force is as j^ or 

^9 that is, recipcocallj as the fquare of the dif- 

tance. 

And in like manner the force towards the other 

focus F, is zTTf or as -^, which is a centrifugal 
force reciprocally as the Iquare of the diftance. 

c ♦ 

&c. 5. 

If a body revolves in tbe'parah$la VI ; to find the 13* 
force tending to the focus S. 

Draw IS, and the tangent IT, and SP perp. to 
it. And put SI =1/, SP r= jp, latus redlum = r. 
Then (Con. Seft. B. III. Prop. II. and Cor. 3. 

Prop. XIIO pp ^ i: rdy and ipp = ^ rJ j and ^ 
— li -^ ^^ ^f^A L.^ rd 

Br 2 


p^d ^rdX^rdyTdxd 


= — ji zz —T^ ' Therefore the centripetal force 

is reciprocf^llyas the fquare of the diftance CI. 

Hence, in all the Conic Seftions, the centripe-* 
tal force^ tending to the focus, is reciprocally as the 
fquare of the diftance from the focus. 


Ex. 6. 


Let VI le the logarithmic fpiralj to find the force i^ 
tending to the center S. 

Draw the tangent IP, and SP perp. to it, . let 
SI =: dy SP -zzp'y then the ratio of 4 to / is al- 

^ ways 
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^'ways ^vcn, luppofe as m to ». Then^ ^ *<^ 

and * = --<». Confequcatly -~ 5= — x — P. =: 

^^ I ana the centnpctal force la as jr* «* t-cd- 
procally as the cube of the diibnce. 

« 

PROP. XIV, 

, - The velocity of u body moving in ^my curOi QAOt 

' in any pint A 5 is to the velocity of a body mvir^ 

in a circle at the fame defiance 5 as vC^ to \^^ 


futtitig d = d^anct SA, andfz::SV tbeperpendi" " 
(ular on the tangent at A. 

Let AR be the radius of curvature 5 from th^ 
-^ point a in the curve infinitely near A j draw 4m, 
• in parallel to AS, AR. Let C = velocity, in the 
cMiV^y e = velocity in the circle. By fimilar tri- 
angle SP (p) : SA (d) : : an : am : i centripetal 
forcr tending -to R ^ centripetal force tending td 

* CC cc 
S : : (Prop. V, Con 2.)^:^- But (Prop. 

XII. Cor. 2.) AR = ^. whfeneei» : i/: : ^f t 

-j'- : GC/> : f4 And^i : dp : : CC : ce. ■ 

^ Cor. 1. If r zz half the tranfverfe axis of an el-^ , I 
Kffis 5 then the velocity of a body , revolving round the 
focusy is to that in a circle at the fame difiance j as i 

^ \/2f^dxy/r. 

- * • cfdd 

j';For^ =|^=j^(See EX..3. Prop. XIII.^ ' 
• ' aii4. 


1 


/ 


■'^.' 




^. 




I 


.A 
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tnd p = ■■ > " ■,.,■■ ,, And the fquares of the ^"^ 

rdocities in the curves and in the cirde, arc as 

cdd crddd ' , rd 

. J ' — and -======-•» or as I and «^j »> 

or as 2r — i to r. 

« 

Cor. 2, Supfofei as hefore^ the veloctty of a iodf 
' ^evolmtig nmd the xtiitar «/ an eUi0Sy is to the ve-^ 
toHPfin a duk at iJbe fame d^mce^ ashalf the coih 
jugate diameter to that difiancty is to the diftance. 

,]Porj>.= y ■ ■ ^ >' and ^ = 

Vrr -^^ cc-^ da 

erdi 

- j^ , r= =ri' Whenc:*, the fquares ^ thefe v^ 

fr + ec — dd¥ . ^ 

locities" are is '■■ ;'"■ ■■'■■' ;,; u*:i.L> ana ' ■'■ n i n i 


dd 
or as I to y.^ , ^^ ^ or as rr + r^ — dd to ddy 

or as ^^ to dd. See £k. 2. Prop. XIIL 

Cor. 3. ^he velocity in a parabola round tbefocus^ 
is to the Velocity in a ckxle at the fame difiance, ^ as 

a/2 to U 

▼ ... • . . 

rd 
forp = i y/ri^ and^ = -— ~ (See Ex. 5. 

Prop. Xm.) Whence theJquares of thefc yelod^ 

rdid 
ties are as 4 ^ ^rd and 'Tj^ or as i ^^ to ^ ri\ 

thatkas^a to i« 

Con 4- ^he velocity of a body in the logaritbtine 
J^ai in an;^ point J is the fame ai the wlociPf ^ 10 
body at the fame diftance in a circle. 

For 
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,|* For^ = ^d^ and/ = ^i,(Ex. 6. Prop..3aiL) 

And the fquarcs of the velocities arc as --dd and 
•--dlrf, that is, equal. 

PROP. Xy. Prei. 

l6. ^0 find the force which aSing in direCHon of tbi 
ordinate MP, JhaU caufe the body to move in that curve. 

Draw mp parallel and infinitely near MP, and 
Mj parallel to AP. Thei;i the force is as the ipace 
mr^ thro' which it is drawn from the tangent, in a 
^yei\ time. . Byt j9m is the fluxion, and mr the fe- 
cond fluxion of the ordinate PM. .Therefore 
makme the fluxion of die time confl:ant ; or which 
is thcSune thing, making the fluxipn of the axis 
icohftant'; find the fecond fluxion of the ordinate<^ 
^bich will be as the force. 


^ 


I • \ f 


Ex. I. 

* ■ » . , ,' , ' 

Let the curVe be an ellipfis whofe equation is jf nt 

C J ' ' 

r^yzTx^^ XX. Putting AP = x^ FM zij^ riz 

fcmitranfverfe, r = femiconjugatc. Then y zz 

vlx^"^:^^., andy=-t' ^xs^zrx^xx 
r \y^2rxr-xx ^ y zrx-^xx 

— -Xr — xXrx — xxXirx^xx *_ ^ ^ 


• « 


2rx -^ XX 


2rx + XX— :r — X c — ^'^ 

= — X ' ■ r- 


2rAf. — ,xx\i . ^ 2rx — x!v\^ J^' 

That is, Ac force is as --;-> or rcciprocaHy as the 

' w' - cubft 
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cube of the onfinate. The fame is true of the F]g« 
circle, tdiick is one fiM of ellipfls. i6. 

Ex. 2. 

Let the curve be a parabola, AP = x, PM = 
jr, and nf = jtjr ; then rx = 2jy, and 2 j)r + 2jrjr 

= 0; therefore ;y = — ^» andjr =— -S— _ ^ 

• • 

TTXX —IT - • , ^ "^r, 

= — 7=» and the force as —7" or rcd- 
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procalty as the cube of the ordinate. 

PROP. XVI, 

If the law ef centripeisl fmrct he ra^ocalfy U3^ 
the ffuare of the diftance. The veladiies of bodies 
revolving in different elUpfes atont one common cen- 
ieri are direSfy as the fqnare roots of tbe paramo- 
Jers^ and reciprocaify as the perpendicniars to the tan- 
gents at tbefe points of their orHts. 

Let ii^ D be the diftances in two ellipies ; r, c» 
Ij pi and R, C, L, P, the femitraniverl^ lemi- 
conjugate, latus reftum, and peipendicular in the 
two ellipies. Then the iquares of the velocities ia 
two circles whofe radii are d^ D, (by Prop. IV. 
Goc 2.) will be as' ^ X force in dj and D X force 

in D 5 that i»> ^ 1j and gig or as ^ and g-'t 
Then (Prop. XIV. Cor. i.), 

vdocityindieellipiis//: vel.inthecircle^/::^2r — di^r. 
and vel.in the circled: vol. in the cirdeD : : ^-j : i/iT* 

And (Prop. XIV. Cor. i.) 

vcL in the circle D : vcl. in theeUipfis D : : ^R : V'aR — D. 

Therefore vcl. ia the ellipfis d : veL in the ellipfis 

D : : 
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2R — D 

y ' I I I ■ i» 

v^ DR 

/ . 
But <Con. Sed. B. L Prop. 3 ^. ) ^ r: r v/ — ^-^^ 

and p y/ — J— = c^ and v/ — ^T" =— ^ and 
2r — d € v^ . ^ ^^ . , 

the Conic Scftioiis^.) In like manner ^Z — f\^ = 
Wiicnce,j vel. in the ellipfis d : vcl. in' the 


ft- 


F 

mpns 1> : : --- : ~^' 

Cor. I. H«?»rtf the vdoeitm ki fit t^a» lOiffst an 
2r-^d , 2R — D 

Cor. 2^. jyh tife JjuofKes cf 0be areas defmied m 
i^ fame times are'asPhiparameUrs. 

For the areas ar« asf* die .arches X perpcrtdicularsj 
OF as the velocities^ X perpendiculius ; tha(t is^ as 
%/l v/L ^^ 

— Xi> and -^ X P, or asiy^/ and y^* 

Con 3 . ^be vekcity of a body in different parts of 

its orbit is reciprocally as the perpendicular upmtBi 

. 2r'^^d ^ 
tangent at tbat point ; and therefore is as s/ — ^ — . 

Eor the parameter is. given. 

Cor. 4, Tbe velocity in a conic feGioft at its- grea^ 
eji or leafi difiance^ is to the velocity in circle at 

the 
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tife fame ^fiance ; as the fatm^ toot af the faram- Fig; 

ter^ to the Jquare root of twice that difiame. 

For her^ J =: D = jft = P, and L = 2D. There*- 

forc the velocity in the ellipfis, to the velocity v^ 

4// 4/2D 
thue circlej as -pr : -pr" - 2 v^/ : v/^D; 

Cor. 5. ^be velocity in an elUpJis at its mean dij* 
iance^ is the fame as in a circle ca the fame difiance. 

For if i be the mean diftance, then p zzc. And 
if D be the radius of the circle, then^ L n 2Df 
and P = D. Whence, vel. in the eUipIis : to the 

vel. in the circle : : — : ^^g- * • (becauferrz: ^k) 

Z/^ • "715 yV^ * \/r. But D = r, there-; 
fore the velocities are equal. 

Cor. 6. Both the real and apparent velocity round 17. 
the facm F, is greateft at A, the marefii vertep^i an4 
leaft at B, the remote vertex. 

For the real velocity is reciprocally as the per- 
pendicular, which is leaft at A and greateft at B* 
And the apparent velocity at F is . reciprocally as 
the fquare or the diftance from F, which diftaiica 
is leaft at A, and greateft dt By (Cor. 2. and 
3. Prop. XL) . 

Cor. 7. The fame things fappofedj and PC, CIC 23. 
ieing famiconjugates j the Velocity in the curve^ is td 
the velocity towards the facus Fj as CK t9 

V^CK* — CD*- . 

For vel. in the curve : veL towards F : : Pp :t 

pn-x : FP : NP : id : \/di ■— />/>. But /p = 

ccd * *iYd — dd — • cc 

Z y and dd — pp= : j — d. Whence • 

ar — d '^^ 2r — d 

vil. in the curve ; vel, towards F : : ^ : 


23 
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• ; (CoP> Sea; B, I. Prop, XXXV.) GK : 

Cor. 8. iTit^ afcending or defcending velocity is the 
grtatefi when FP is half the latus re£lum^ or when 
FP ispe rp. to AR 

For y/zrd'-^dd : s/zrd^dd— cc : : vcl. in 

the curve ( — -j J : veK towards F = 

2r// — dd^-^cc 
y/ — "-^ > ^^^ making the fquare of this 

, . . _ ird — dd — cc 
velocity a ma^amum, then -r- — ■:yp =:i», and 


» » 


2ri — 2^i xdd — 2dd X ari — dd — cc — o ; 

and rd — Ji — • ird + dd + cc =i Oy and — r^ 

cc 
+ rr =: o. whence dzz — = half the latus rcfbum. 

^ - . 

Cor. 9. J^ FR, /i&^ di/isnce from the focus to the 

curve be = \/C A X CD ; /i&^ R « the place where 
the angular motion ahout the focus F, is equal to the 
mean motion. 
For the area of a circle whofe radius FR is.= 

%/CK X CD is equal to the area of the ellipfis ; 
and if we fuppofe them both defcribed in equal' 
times ; then the fmall equal parts at R will be de- 
fcribed in equal times ; and therefore the angular 
velocities at F will be equal ; and both equal to 
the mean motion. The angular motion in the el- 
lipfis from B to R will be flower ; and from! R to 
A fwifter, than the mean motion. 


PROP- 
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Fig. 

PROP, xvn. 

If the centripetal forces he reciprocally as the ^7* 
fquares of the dtftances ; the periodic times in ellipfes^ 
will be in the fefquiplicate ratio of the . tranfverfe 
axes AB ; lor the fquares of the periodic times y will 
he as the cubes of the mean diftances ED, from the 
common center. 

Put the fimbols as in the laft, and /, T, for the 
periodical times. Then by the nature of the el- 
lipfis cczzz I. Ir^ and c zz x/ilr^ and re zz ry/^lr. 
And for the fame reafoh RC = Ry/iLR. ^ Alfo 
(Prop. XVl. Cor. 2.) the areas delcribed in the 
fame time are as the fquare roots of the. parame- 
ters ; and therefore the whole areas of- the ellipfes, 
are as the periodical times multiplied by the fquare 
roots, of the parameters. But the whole areas are 
alfo as the reftangles of the axes; therefore the 
redangles of the axes are as the periodical times 
multiplied by the fquarp roots of the parameters ; 
that IS, re or r^/^lr . :' RC or Rv/4^LR : : ty/l : 
Tv/L-. And fquaring, -f^' : ^LR' ::///: TTL. 
That is, r' : Rj : : //: TT. And / : T : : r^ : R* : : 

Cor. 1. The areas of the etlipfes are as the periodic 
times miiltiplied by the fquare roots of the parameters. 

Cor. 2. .The- periodic time in an ellipjis^ is the fame 
as in a circle^ whofe diameter is equal to the tranfverfe. 
axis /^B \^or the radius equal to the mean dijiance FD. 

r 

Cor. 3. X^e quantities of matter in central nitrat- 
ing bodies J that have others revolving about them in 
eUipfes \ are as the cubes of the mean dijiances^ divid- 
ed by the fquares of the periodical times. 

D for 
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Fig, For (Cor. 2.) the periodic times are the fame 
2 ^. when the mean diftahces are equal to the radii ; and 
the reft follows from Prop. VII. 

PROP. XVIII. 

18 If^^^ centripetal forces he llire£lly as the diftancesi 
the periodic times of bodies moving in ellipfes round 
the fame center^ mil be all equal to one another. 

Let AEL be an ellipfis, AGL a circle on the 
feme axis AL, C the center of both. Draw the 
tangent AD, and itp¥ parallel to it, and D», Up 
parallel to AC : AF being very fmall. Then Dn 
equal to B/ will be as the centripetal force ; and 
therefore AD and AB, or A» and Ap will be de- 
fcribed in the fame time, in the circle and ellipfis. 
Confequentlys the areas defcribed in thefe equd 
times will be A»C and KpQ. But thefe areas are 
to one another as nF to PF, or as GC to EC -, that 
is, as the area of the circle AGL to' the area of 
the ellipfis AEL. Therefore fince parts proportional 
to the wholes are defcribed in equal times ; the 
wholes will be defcribed in equal timfcs. And 
riierefore the periodic times, in the circle and el- 
lipfis, are equal. 

But (Prop. V. Cor. 4.) the periodic times in all 
circles are equal, in this law, of centripetal force ; 
and therefore the periodic times in all ellipfes arc 
equal. ^^ 

Cor. The velocity at any point 1' of an elli0s^ is 
as the reSlangle of the two axes AC, CE ; Jk^sded 
by the perpendicular CH^ upon the tangenPat \: 

For the arch 1 X CH is as the area defcribed^ in 
a fmall given part of time, and that is as the whole 
area (becaufe the periodic times are equal) or as 
AC X CE. And therefore the arch I or thfc velor 
• • AC X CE 
city, IS as ^.^ • PROP. 
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Fig: 

P R O P. XIX. i8j 

Th de§0H€s of central at framing bodies^ are reci- 
procally as the cubes of the pardll^^xes of the bodies 
revolving ^out fbem (as feen from thefe central ho^ 
dies)^ and reciprocally as the fquares of the periodic 
times. * ' 

For the denfity multif)Ued by the cube oi the 
diameter, is as the quantity of matter ; that is (by 
Prop. XyiJ. Cor. ^. ) as the cybe of the mean dif- 
tance divided hy th^ fc^uare of the periodical xm^ 
of , the revolving body. And therefore the denfity 
^ ^ as the cube of the diftance, divided by the cube ' 
of the diameter, and by the Iquare of die periodic 
time. But the diameter 4i^cied by the (^ij(buice 4$ 
as the angle of the p^ralax i therefore the denfity 
IS as I divided by the cube of the paralax, and the 
Iquare of die periodic time. 

PROP, XX. 

« 

If fwo bodies A, 3> revolve about each others iq. 
they will both of them revolve about their center of 
praviPf. 

Let C be the center of gravity of the bodies A, 
3, acting upon one another by any centripetal forces. 
And let AZ be the direction of A's motion j drav 
JBM parallel tp AZ, for the difeaipn of B. And 
let AZ, BH be defcribed in a very finall part of 
time, fo that A^Z m^y be to BH, as AC to BC ; 
and then C wJU be the center of ^avity of Z an^ 
H, becaufe the tri^gles ACZ and BCH are fimi« 
. 4ar. Whence AC : CB : : ZC : CH. But as the 
bodies A and B attraft one another, the (paces A/s 
and B^they are drawn thro% will be reciprocally 

D 2 as 
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Fig, d& the bodies, or direftly as the diftances from the 
19, center of gravity; that is, Aa i Bb : : AC : BC. 
Compleat the parallelograms Ac and BJ; and th^ 
bodies, inftead of being at Z and H, will be at c 
and d. But fmce AC : BC : : Aa : B^. By divi- 
fion AC : BC : : tfC : bC. But AC : BC : : AZ : 
JBH ::ac: bd. Whence ^C : ^C : : ac : bd. There- 
fore the triangles cCa^ and dCb are fimilar, whence 
CciCd: : aciidi: ACiBC: :B : A. There- 
• fore C is ftill the center of gravity of the bodies 
at c and d. 

' In like manner, producing Bd and Ar, till ^ be 
equal to Bi, and cq to Ac \ and if cf, db, be the 
fpaces drawn thro* by their mutual attraftions ; and 
if the parallelograms ce^ diy be compleated. Then 
it will be proved by the fame way of reafoning, that 
C is the center of gravity of the bodies at a and gj 
and alfo at e and /, where A defcribes the diagonals 
Ar, ccy &c. and B the diagonals B^, di^ &c« and 
fo on ad infinitum. 

If one of the bodies B is at reft whilft the other 
moves along the line AL. Then the center of 
gravity C will move uniformly along the line CO 
parallel to AL. Therefore if the fpace the bodies 
move in, be'fuppofed to move in direftion CO, 
with the velocity of the center of gravity ; then 
the center of gravity will be at reft in tTiat Ipace^ 
and the body B will move in <iire£lion BH parallel 
^to CO or AZ; and then this cafe comes to the 
Tame as the former. Therefore the bodies will al- 
ways move round the. center of gravity, which is 
'cither at reft, or moves uniformly in a right line. 

If the bodies repel one another ; by a like rea- 
'foning it may be proved that they will conftantly 
,move round their center of gravity. 

If the lines C A, Cr, ' Ce^ i&c. be equal ; and 
CB, Cd, Cf, &c. alfo equal. Then it is the cafe 
of two bodies joined by a rod or a ftringj or of 

one 
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pne body compofed of two parts. This body or Fig. 
bodies will always move round their commxm cen- 19, ' 
ter qf gravity. 

Coir. I. ^be direSiions of the bodies in oppqfite points 
ef the orbits^ are always parallel to one another. 

For fince AZ : Zr : : BH : H^; and AZ, Zc 
parallel to BH, H^/; therefore the <r ZAr =r <; 
HBi, and ^d parallel to Ke. And for the fame 
reaibn di is parallel to ci^ &c. 

Cor. a. Two bodies ^ aifing upon one another by 
any forces ; defcrib'e Jimildr figures about their common 
center of gravity. 

For the particles Ar, BJ of the curves are pa- 
rallel to one another, and every where proportional ' 
to the diftances of the bodies AC, BC. 

Cor. 3. If the forces be directly as the difiances-^ 
the bodies will defcribe concentrical ellipfes round the 
center of gravity. • 

Cor. 4. If the forces be reciprocally as the fquares 
of the diftances \ the bodies will defcribe Jimilar el- 
Upfes or fome conic feSlions^ about each other ^ wbofe 
tenter of gravity is in the focus of both. 

PROF XXI. 

If two bodies S, P attract each other with any 20. 
forces^ and at the fame time revolve about their center 
of gravity C. Then if .either body P, with the fame 
force^ defcriles a Jimilar curve about the other body S 
at reft j its periodical time^ will be to the periodical 
time of either about the center of gravity ; * as the • 

fquare root of the fum of the bodies (v^S + P)y to 
the fquare root of the fixed or c^tral body Cv/S). 

Let PV be the orbit defcribed about C, and Vv 
that deiifribed about S. Draw the tangent Pr, take 

D 3 the 
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Fig- the arch PQ^ exttemdy fmall, twd draw CQR 9 

2d. vMo draw S|r parallel to CR, and thch PQ and P^ 

will be fimilar parts of the curves PV and Vv. 

Now the times that the bodies are drawn from 
the tangent thro' the fpaces QR, qr^ *dth the fame 
force, will be as the fquare roots of th6 foaces QK, 
jr ; that is (becaufe of the fimilar figures CPRQand 

SPrq) as \/Cp to v/SP; that is, ( by the n atuite 

of the center of gravity) as \/S to \/S + P. But 
the times wherein the bodies are drawn, from the 
tatngent thro* RQ^, rj, are the times whcr^ft the 
fimilar arches PQ, rq are defcribed; a;nd tMefc 
times are as the whole periodic times. Therefore 
the periodic time in PV, is to the periodic time in 

iPv i as v/S to \/sTTr 

Cor. I. The velocity in the orbit PV ah out C^ is 
to the velocity in the oriit l^v about S ; as %/$ to 

For the velocities are as the Ipaces divided by 
the times ; thcircfoTe, veL in FV : vel. in P-tr : : 
PCL P? CP SP S S 4- P 


•*-. • • , • Mll.ll. * *, 
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Cor. 2. Bodies revolving round their common cen- 
ter of 'gravity^ defcribe areas proportional to the times. 

PROP. XXII. 

%0i ' If thi forces be reciprocally as the fquares of the 
dijiances ; and if a body revolves about the center L. 
iri the fame periodical time, that the bodies S, P, re^ 
volve about the center of gravity C. Then will SP : 

LP : : v/sTP : V^ 

Let FN be the orbit defcribed about L; Then 
(Prop, XXI.) per, time in PQ : per. time in Py : : 

v/S: 
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V^S : \/sTP : : \/C? : v/SPT And (Prop. XVII.) ^'^& 
per. time in Pj : per. time in PN : : SPl : Lpl ; ^^* 
luppofing PC^ PN, fimilar arches. Therefore 

per. time in PQ : per. time in PN : : i/CP X SPi : 
v/SPXLP* : :\/CPxSP*: vTF. But theperiodic 
times are equal •, therefore \/^CFxSp =: v/LP^, 
and LP'. = CP X SP% and L P = v/CP X SP\ 
But LP ; SP : ; v^CP X SP^ : SP or VsF : : 

Cor. I. ^ the forces he reciprocally as the ffuares 
§f the dijiancesy the tranfverfe axis of the eUipJis Ae^ 
fcribed by P about the center of gravity C, is to the 
tranfverfe axis defcribed by P about the other body S ' 
at refty in the fame periodical time ; as the cube root 
of thefum of the bodies S + P, /<? the cube root of the 
fixed or central. body S. 

Cor. 2. If two bodies attraSing each other move 
about their center of gravity. Their motions mil be 
the fame as if they did not attraSt one another ^ but 
were both attraSed with the fame forces^ by another 
body placed in the center of gravity. 

• 

PROP. XXIII, Preh. 

Supfofe the centripetal force to be MreSlly as the 2ij 
diftance. To determine (be orbit which a body will 
defcribe^ that is projeHed from a given place P, with 
a given velocity in a given direSion PT. 

3y Ex. 2. Prop. XIII. the body will move in 
an ellipfis, whofe center is C the center oS force; . 
^d the line of dire£lion PT will be a tangent at 
^he point P. Draw CR perp. to PT. And let 
the dift^nce CP = i. CR zi p^ femitranfyerfe axis 

P 4 . GA 
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Fig. CA z: R, femiconjugate axis CB r: C. CG (the 
21. femiconjugate to CP) =: B. / = fpace a body 
would deiccnd at P, in a fecorid, by the centripe- 
tal force. V z: the velocity at P, the body is pro- 
jefted , with, or the fpace it defcribcs in a fccohd* 

Then \/l^f = velocity of a body revolving in a 
circle at the diftance CP. 

Then (Prop. XIV. Cor. 2.) v : \/2df: : B : rf, 
find B\/2df zz dv, and 2BB^ = ddvv^ whence 

dw d 

BB =:: — 7 ' and B zz v y/->- But (Con. Se6t. B. 
L Prop^XXXlV.) RR + CC zi BB + i^J = 

'-J J^dl And (ib. Prop. XXXVII.) CR = B^ 

d 

— fV\/—f Therefore RR + CC + 2RC = 

wd " 

- — r- + dd + 2pv \/~f and R + C = 

vvd d 

-J + dd + 2pv s/—f — m. Alfo RR 4- CC 

wd , , d 

— 2RC = -^ + dd—2pv v/^ and R — C :^ 

/wd d 

V — J + dd -^ 2pv y/^ =; «• Therefore R -^ 

pt -\- ft , _ »? — » 
-^ — -^1 and C =: — — • 
2 2 

Then to find the pofition of the tranfverfe axis 
AD. Let F, S be the foci. Then (by Con. Seft. 
B. I. Prop. I I. Cor.) we Ihall have SC or CF = 

v^RR — CC. Put FP = * J then SP = 2R — *, 
and {ib Prop. XXXV.) SP X PF or 2Rj<: — xx=z 
BB, and RR — 2R;? + xx = RR — BB, ^ and 

R — y = it \/RR — BBi whence ;« = R + 
VI'RR — iiB 3 that is, the greater part FP = R +> 


J 
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>/RR — BB, and the leffer part SP z= R — . P* 

a/RR — BR Then in the triangle PCF or ?CS, ^'* 
all the fides are, given, to find the angle PCF or 
PCA. 

Cor. Tbe periodical time in feconds^ is 3. 141 6 

For arch s/^df: time i' : : circumference 3. 141 6 

^d ^ ...... 

X 2(/ : 3.1416 v/-F the periodical time m a circle 

whofe radius is d. And by Prop. XVIII. the pe- 
riodical time is. the fame in all circles and ellipfes. 

PROP. XXIV. Proh. 

Suppofing the centripetal force reciprocally as the 22« 

Square of the diftance \ to determine the orbit which a 

body will defcribe \ that iSj projeSled from a given 

place P, with a given velocity^ in a given dire£lion PT, 

By Prop. XII!. the body will move in a conic 
feftion, whofe focus is S the centef of force. And 
the liqe of diredion PT will be a tangent at the 
point P. Let the diftance SP =z d^ tranlverfe axis 
AD zi :?. / n fpace a body will defccnd at P, in 
a fecond, by the centripetal force, v 1= the veloci- 
ty the body is. prpjefted with from P, or the fpace 

it defcribes in a fecond. Then \/Tdf\% the veloci- 
ty of a body revolving in a circle, at the diftance SP. 

Then (Prop XIV. Cor. \.)v \ \/lIf\ ; \/^^^ ; ' 

s/\z. "Whence Vs/^x zz \/2dfz — 2ddf and 
wz zz 4dfz — 4ddf ; and 4Jfz — wz zz ^ddf^ 

' 4ddf 

whence z zz —j? — •- — =: AD. And PH zzz-^ 

4dj — vv 

dw 
4 ^ TIrllTr'' Therefore if 4df is greater than 
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Fig. w?, z is affirmative, and the orbit k ai^eUipfi^ 
ia. But if fcffer, z is negative, and the curve is a hy- 
perbolai and if equa}, 'tis a parabola. 

^ . Driwr SH ptrp. to PT, and let SR = /u Alfo 
draw from the other focus H, HF perp. to PT. 
Then (Con. Seft. B. I. Prop. X.) the angle SPR 
= angte HPF, whence the triangles SPR, HPF 
are fimilar ; therefore SP (d) : SR Cp)i:lIP{z^^ 

d):HFzz ^^p s and (ib. Prop. XXIJ SR X 

HFor— j-j^ — reftangle DHA or CB% the 

ftfiiare of half the conjugate axis ; therefwc CB 25 

In the triangle SPH, the angle SPH and the 
l(jes SP, PH are given, to find the. angle PSH, 
the pofition of the tranfverfe axis. 

Cor. I. The periodical time in the elUpfis APDHt 

Addf 

4jdf — vvi^ 

2d 
For 3.1416 v^--7. == periodic time in the circle 

•t^rhofe radius is </. And (Prop. XVII.) 2^: 3.1416 * 

id .^ 
V'-y : : 2^ : period, time in the ellipfts zz 3.1416 

^ f 2d ^ ^ 4^— i;t^^ 

Cftr. 4, ^be latins re£lum of the axis AD is =: 

\\fpW 

Cor. 3. Hence the tranfverfe axis and the periodit 
. time will remain the fame^ whatever be the angle of 
eUreSiori SPT. 

foe 
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For no quantities but J, /, and v arc concerned ; Fig. 
all whict arc givcir. %%. 

SCHOIiiUM. ^ 

Some people hx^ dreanied thit there mtcf be t 
fyftem of a fun and planets revolving about it, 
withift iny fntall particle of matter -, or a world iA 
miniature. But this cannot be ; for though mat^ 
ter is infinitely divifible ; yet the kw of attraftiofi 
of the fmall particles of matter, not being as the 
I5^ares c^f the diftances reciprocally, but fteirer the 
cubes •, therefore the revolutioh of one particle of 
matter about another, cannot . be performed in aa 
cllipfis, bat in fome other curve ; where it will Cbiw 
tinually approach to or recede from the center; . 
and fo at lad will lofe its motion. Such mot^n A 
thefe can be nothing like that of a fun and pknets. 

3P R O R XXV, 

- . If a body revolves in the circumference of a citck 24J 
ZPA, in a refijiing medium^ whofe dtnjity is given. 
To find the farce at any place yf^ tending to the cen-r 
ter C •, as alfo the time, velocity^ and refijlaiue. St^ 
pftng the rejijiance as the fquare of the Velocity. 

Draw PC, and dp parallel and infinitely near it, 
cutting the tangent PJ in d. And p&t GZ ti r, 
ZP =: Zj time of defcribing ZP =: /, velocity at 
P =: *r, refiftancc r: R,/ rz force at P, ^ z= force 
of gravity at Z, f = velocity in Z. And let a - 
bbdy moving uniformly with the velo/city i, thro* 
the fpace i, in the time i, meet the refiftancc "x 
in the medium. And let a body defcend thrb* the 
fpace tf, by the force ; at Z, in the fame time if 

I. By the laws of uniform motion, the fpace is 
as the time X Velocity. . Whence i (fpace) : i X i 

(time X veL) i: zivt zz i}^ whence / =: --' 

2. Bf 
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^f* 2., By the nature of the circle, dpzir- zz ^^^% 

3. By accelerated motion, the Ipace is as the 
force X fquare of the time ; whence^ X i* (Ibrce 

X time*) : a (fpace) : .: /// : dp or • : xzrfi vv 

— — ' ' And cc = lar. 

4. The velocity generated (or deftroyed) is as the 
force X time ; thpeforc, gXi (force x time) : 24 

.(velocity) : : R^: — 1; = = -— »and — 

vv z= — r-* 
Z 

5. The rcfiftance is as the fquare of the veloci- 
ty, whence i* (vd,*) : i (refiftance) i:w:Kzzw. 

_, - • 2^Ri; '2avvz , , 

Therefore — vv ;=: = • And — ^ 

. i S 

— n » whence • — log : v =: — > and correct- 

V S ^ g 

€ 2az 
cd, Iog:^=:Y^ 

Again, fince — - rz vvy ^-^ = w =: — 

J and / r: — =: — 3 and — i. 

^ . ^ r gr f 

Aaz ^ 4-^z 

d — > and " — log : / = — , and correfted, log : 

Alfo /:::—=: T"*^ , and / = -^» and cor- 

j»acd / = -^ — i^ . _ 

2<iv 2/if Cor, 
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Cor. I . H^nce v = number belonging to^ the Icga^ Fig, 


laz 


ritbm ilogi c-^ — • Andf zz number belonging to 


24< 


i 


the logarithm : leg :g 


g 


Cor. 2. Therefore the logarithms cf v andf^ each 
of them fever ally decreafes equally^ in defcribing equal 
fpaceSy ad infinitum. And therefore at every revoke 
tion^ the kg i of v is equally diminifbed^ and likewife 
that off. But the body will revolve for ever^ for 
when V is Oy t will be infinite. 

Cor. 3. Hence if the central body at C, was f9 
diminifbed that its log : may decreafe equally in defctih* 
ing equal fpaces^ or in each revolution^ after the man^ 
ner as brfore-mentioned ^ then the body will petfetU' 
alfy revolve in a circle^ in a medium of uniform den^ 
ftty. 


SEC T. 


SEPT. Ill 

TZ^ motion of thpM hoii^a fl^fng yfpn 
one another j the ferturbuting forces 

: of a tbjrd b§dy. The motion of ko- 
4i^5 round an as^is ^trej^^ ar baling 
a fro^reffve moti^H^ and fithgr things 
6f the fame nature, 

^ PROP. XXrVL 

25, ' ff ajf$dy U ffojtSUi from A^ in agmen dinHiw 
A&9 tfirJ h atfra^id u Swjq fyceJ feut^rs S, T, ^/ 
/» the fame plane with AD ; the revolving triangk 
SAT, drawn thro* the moving body^ fhall defcribe ^- 
qual folids in equal timesj about the line ST. 

Divide the time into infinitely fmall equal parts ; 
it is plain that equal right lines AB, BC, CD, &c. 
would be defcribed in thefe equal times ; and con- 
fequently that all the fdlid pyramids STAB, STBC, 
STCD, &c. are equal, which would be defcribed 
in the fame equal times ; if the moving body was 
not a£ted on by the forces S and T. 

But let the forces at S and T, aft at the end of 
the feveral intervals of time ; as fuppofe the force 
T to aft at B in direftion BT ; fo that the body, 
inftead of being at C, is drawn from the line BC, 
]fi the direftion CF, parallel to BT. And in like 
manner it is drawn from the line BC, by the force 
S, in direftion CE parallel to SB. And therefore, 
by the joint forces, the body at the end of the time, 
muft be fomewhere in the plane ECF parallel to 

SBT, 
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SBT, as at I. But (Geom, VL 17.) the folid Fig* 
pyratriids STBI and STBC^ are equal ; being coiit 25. 
tained between the paraljel planes ECF and SBT, 
and therefore have equal hights ; whence STBI = 

pyramid STAB. 

In like noanner continue BI, making IK i;; pi^ 
and in the next part of time^ the body woiild ar- 
rive at K, defcrH)ins the pyramid STU^ equal jcp 
STBI. But being drawn from the line IK, by th# 
forces. S9 T, in the dire&ions KL, KN, paraU^l 
to IS, IT 5 the body will be foupd at the end of 
the time, fon^where in the plane LKN paipa&el to 
SIT, as fuppofe at O. and then it will have de« 
fcribed the foBd STID == STIK n: STBI = py- 
ramid STAB. 

And in the fame mminer producing lO to Py^tiU 
OP = OL Then the body, at^aded^m Q^ % 
the forces S, T, will 4efcrU>e another ^qu^ pyrar 
mid. And fo it will continue to defcribe equal py- 
ramids in equal times*, and conlequemly €he whole 
Iblids de£:ribed are proportionartothe times of de*. 

icription. 

• ■ \" 

. Cor. I. ^(^en the number cf Uneolie AB, BI, lO, 
&r. is increhfed^ and their fnagnitude diminifoidi ad 
infinitum i the w^bit ABIO, becomes -a curve. 

Cor. 2. Any Une AB is a tangent at A, 61 4^/ B, 
Cs?f. A, B, (^c.. being asfj^ points in the orbit. 

Cor. 3. But the orbit ARIO is not contained in 
0ne plancj except in fame particular cafes. 

For that the orbit may not deviate from a plane ; 
idle forces on both fides thereof, ought to be alike. 


PROP. 
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P«- ■ ■ ^ 

PROP. XXVII. 

.26. If the body T revokes, in the orbit TH,. about the 

body S at a great diftance^ whilji a lejfer body P re-, 

vohes about T very neat ; and if C be the centripe- 

tal force of S aSling upon T. "fheri the dijlurbing 

2PK 
force of S upon P /V :=i^^C. Suppojing PK Z^- 

PT 

ralkh and^ Kt p^p. to ST. Jnd -^Czzthe in- 

treafe of centripetal force from P towards T. 

Let ST. = r, PT -Ji, PK — >, g = force of 
gravity, h zz fpace defcended thereby in time i. 
s zr the Q^ace defccoded in the time i , by the force 
C p -r periodic time of T about S, and / =: pen 
time of P about T. y zz centripetal force of T a? 
P, •»• zz 3. 141 6. 

Sbce attra£tipn is reciprocally as the iquare of 
the diftance, then foi:ce of S aftingat T.: force of 

^ '. _ I II I 

S actmg at P : : -^=7 : ^oT ' - — ' . : : r : 

^ ST* Sr* rr r-^j\ 

r + 2jy nearly^ And force of S aftirtg at T : to 
difference of the forces : : r : 2/; that is, r : 2jy : : 

2y 

C : "- C iz difference of the forces ; .and this is 
r 

the fingle force by which P is drawn from the or- 
bit QAZ in diredion KP or PS. 

But fince the motion will be the faipe, whether 
the fingle force PS aft in the diredipn PS -, or the 
two forces PT, TS aft^n the direftions PT, TSi 
fubftitute thefe two for that fingle one -, thereifore 
proceeding as before, the force of S ading at T : 

force of S a£ting at P : : — : - / And force 

rr f — y 

of 
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of S" afting at P in direftibn PS : force of S' aft- Fig. 
ihg on P in direftion of T§ ; : PS : TS : : r — /: 26. 

r : : -^ : ^rtlT^* Therefore ex a^uo, force of S a£bing 

tit T : force of S afting on P in direftion TS : : 
1 I ^ I I • I I • . 

r + 3J, nearly. And the force at T : difference 
of die forces : : r : 37 •, or r : 3;r ; : C : — C tn dif- 

turbing force of P, afting in direftion parallel to 
TS. And FK (y) : PT (a) : : increafe of the dif- 

turbing force in direaion'PK ijCj: — C, the ad- 
dition of the centripetal force in direftion PT. 

For when the difturbing force iNzs -=^C, there was 

no addition of centripetal force at T, but a dimi- 
nution thereof; as appears by the following Corol. 

Cor. I . ^he Jimple difturhing force^ whereby P u 

Ct,y 
^rawn towards S, is r: — C. j4nd the diminution of 

V 

centripetal force of P towards T, is zz - C. Andtb^ 

z 

r 
Putting z zzjine of 2PQ, v r: verfedjine ^/aPQ. 
For let X zrTK, and draw Kl perp. to PT; 
then by fimllar triangles, PT (a) : PK (y) : : 

PK : PI : : force PK ^^c) : force in direftign IP ' 


z 
aceeleratifig force at P in, the arch PA, is = — C. 


Tp = 4<: = -c. 


or _ _ „ „ _ _ 

ar r 


Alfo PT (a) : iVi (xj : TVK. : KI : : force PK 

E (2?' 
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^1' (?^) • fof««^ '^^^^ ^ or PA = ^ C = 
-C. By Trigone It I. Pnip. IL SchoL 

Cor. 2. 7i&^ difturhing force at V is zz rrry* f 

^^j: the fim of the dffi^nu^ fnom the qua^^tare^ B 
tpe mpon^ S the fun. 

For (Prop. V.)C=^y. andfc = ^y^ 

^^ (becaufe J =i)=JTy nearly. 

Cor* 3* y^ She the fun^ P ii 3^ i> /^^ equmc-^ 
tial of the earth \ the diflurbing force at P is =7 

_M 

1285.2000 

For whea P is at the moon's orbit> t^ force lit 
-|ryi but jf = 6oX^y, or y = -^^,therefore 

the force becomes ' t ^ c^ > and at the earth iii 

59^ X 3600 

?! 


• J 


594. X 60* 

Cor. 4. If S he the moon^ P J 3^^ ^;r /i5tf equi^ 
noSial of the earth. The difturhing force at P is zz 

2B80POO 

* * • • 

For the general perturbating force was — C, and 

here C mull be the centripetal force at the moon<. 
Now the centripetal force of the earth, at.(hf^ dif* 

tance of the moon is r-vf^ And the moop being 

00 , * '' 

49 times kfs ;haa the earth> the centripetal force 

of 
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<tf ^ mooii) at the feme diftance, is ^^t gt a^* 
p^t this for Q then th« fbrbe of tter moon ttpoh 

^ r ^40 X oo*^ 00^X40X60* 

~ 2a X 40 X 60* 

Cor. 5. 3ri^ difinrhing. force of thefun^ to that of 
fbimo&n^ upon-tbe equinoffmh is as % t^ 4*46* 

For thcfe forces arc as — <> ,^"ii ' _ and 


i2^5>200O dSdoooci 
or as 288 to 1285, or as i to 4.46. 

Cor. 6. If f h the apparent diameter^ ahttd the 
denfity of ihe perturbating hody^ Then the difturbing 
force will always be as dpy. 

cty yC 

For that force is ^C or as "^—^ Let its diahie* 

r r 

;ter, =i ^, M i= its quantity of matter. Then C 
is as -r 5 that is, as — • Therefore the difturbing 

> . db^y 

force 1% ajB -^, or as dy Xf. 

Cor. 7*IfP be a point in the equator of the 
earthy S the fun. 
The centrifugal force '(?/ P : 
is to the perturbating forc$ PT : ! 
As the fquare of the earth's periodical time about thi 

funpp : 
tt^ the fquare of the tarth^s periodical time about its 

axis tt. 
Let / =: time oi revolution of the earth rOartd^ 
its axis V then / : x-na (circumference) : : f ''' t 

-r- =a arch defcribed in one fecond ; and the verfr 

E 2 ed 
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Fig. /^traa ikna 

25. cd fine z= JTx^ = ""Tf" = afccnt or dcfccnt by 

the earth's centrifugal force. But forces are as 

their effefts, whence b :g : : -^ (afcent) : , - 

the centrifugal force itfelf. But the perturbating 

a asg 

force is --C = rr- Whence the centrif. force : 

perturbating force : : -jj^ • ^T ' * IT ' 7 • • 
zmrr: Us : : ~— • : //. But -^ — =0f!?' roxy/irsi 
i" : : 2»-r : p — j — » and pp = r — • 

Cor. 8. Hence the body f is accelerated from the 

quadratures Q^ Z, /^ thejiziges A, B ; tf»^ retard- 

ed from the Jiziges to the quadratures. And mdves 

f after y and defcribes a -greater area^ in the Jiziges 

• than in the quadratures. 

PROP, xxvni. 

f * 

\ 

The fame things fuppofed as in the laft Prop, the 
linear error generated in P in any time^ is as thedif 
turbing force and fquare of the time. And the an^ 
giilar error y feen from T, will be as the force ani 
fquare of the time direSljy and the difianceTl? reci- 
procally. 

For the motion generated in a given part of time, 
by any force, will be as that force ; and in any 
other time as the force and the fquare of the time. 
The motion fo generated is the linear error of P, as 
it is carried out of its proper orbit, by the force 

V" C. And that error, as ieen from T, is a& the 

angle 


4J 
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foigle It is fcen under ^ and therefore is as that linear Fig, 
error, divided by the diftanceTP; and therefore 2 6» 
is as the iforce and fquare of the time, divided by 
. the diilance. 

Cor. I. The linear error gemraud in one revobi^ 

tion of P, is as the difturbing force and fquare if 

gca 
ibe periodical time, tr^^- ^^^ ^^^ angular error in 

one revolution is as the force and fquare of the perio^ 
, die time divided by the difiance. 

Cor. 2. The mean linear error of P in any given 

ti^pe^ will be a^ the force and periodical timoy — C/* 

jind the mean angular one, as the force and periodical 
time, divided hy the diftance. 

For let the given time be i ; then / (time) : 

«C aCt 

-— ' // (whole error) : : i : — x the error in the 

given time. 

Cor. 3. ^be mean lineal error iH any given time^ tf 
as TP and the periodical time of P direSlly, 'and the 
fquare of the periodical time of T reciprocally. And 
the mean angular err or ^ as the periodical time of P 
direfffy, and the fquare of the periodical time (f T 
reciprocally. 

T at at 

For (Prop. Y.) C, is as —^ and —; C is as -7 X* 
*• PP^ '' ' 

r at t, ^ 

— or — • And the angular error as — • ' 
pp pp tt 

Cor. 4. In any given time, the lineal error is as 
TP and the periodical time of P direilly, and the 
iube of ST reciprocally. And the angular error as* 
the periodical^ time, of P direUfy,, cmd the cube of ST 
mfrocalfy. 

E ^ For 
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■^' For (Prop. XVII.)i>? is asr ', thorcfpr^^is «^« 
. Cor. 5. ?'/&« Snear error in a given iim if 4$ 


SLCj jfl;!iJ /i&« angular ^rrcr as Z^Q. 
r r 

For / ia a$ a\ and — C ^j !L C, 

^ r 

Cor. 6. And univerfally^ tb^ angular errors in tbf . 
whole revolution of any fatellites ; are as the fquares 
fif the periodic times of the fatellites direSly^ cmd the 
fquares of the periodic times of their pritnqty planets 
reciprocally. And the mean angular errors are as the 
periodisal times of the fatellites^ divided hy the fquares 
of the periodic times of their primary planets. 

For by Cor. i. thie angular error is as iii«iarce 
and fquare of the |ime divided by the diilance % 

that is, as ^ — x ~y that is, (becaufc C is as --) 
r a ^pfM 

tt 


^PP ^^^^^ « pfQV?d in C#r. 3> 

, PRO P. XX!X. 

27. If a f^ereid AB revohes ahut an a^s ST in 
free fpace^ which axis is in an oblique Jititation to the 
hheroidy the fpberoid voill^ by the centrifugal force^ 
^e moved by degrees into a right pqfition ab ; and af^ 
ierwards by its libration^ into the oblique pofiUon a, /3» 
And then will return hack into the portions a$y A^ \ 
and fo vibrate for ever. 

Ltt C be the center of the feheroiid ; © the cer>- 
ter of gravity ©f the end ICLB j E that <£ the 
end tCLA ; Di, E^ perp. ta S'T. Then Ae ce»- 
trifugal force of the cad CB, fuppofing it to aA 

• wholly 


whollf «k D, m. dircftion i«>, hiVihg ftbthili^ t* Fig, 
of^Kifeii, Will move the efid CB frt^m B towards 27; 
i^ with a force trhich is alj C^. . And at thie fame 
time, the centrifugal force ef the end CA, afting 
in direftion ^E, wfll move the end CA froih A to* 
wards a^ confpiring with the motion of thfe end 
GB ; bv which means it will by degrees conie int6 
ihc pouticm ab. And then by the motion acquir- 
ed, it will come into the pofition <t 13, making 
the angle SC « = SGB. And the motion being 
riien deftroyed, it will return back, hy the like 
centrifugal fofces, afting the contrary way ; and 
be brought again into th^ pofitions al^y and AB 1 
and continue to vibrate thus perpetually. 

Cor. Henc€ if the dxi& of the earth is not prtcife* 
l^ the fame as the axis of its diurnal rotation % the 
eartl^ ttfill have fucb 4 libratkn as is here defribled^ 
hut exceeding fmdlL ^his is fuppojing it a fotid bo* 
df s but if it was a fiuid^ it would by the centrifu^ 
gal force^ form itfelf into an oblate fpheroid^ 

P RO P. XXX. Prob. 

If a^gfobe AfBQ^in free fpace^ revolve aboui s^S^ 
the axis oCT, in direSlion ADB 5 and if dm force 
applied atYy the end of the radius CV, am by a 
jRngle impulfe in direSlion VG perp. to CV, in the 
plane VCD, T^o find the axis about which the globes 
/hall aftefwatds revolve. 

I 

Suppofe the great circle VBQA perpi to tho^ 
line of^direibion vG; and i^ VH, VI be 90 de^ 
grees; it is plain, if the firft^motioix wisis to ceafe ; 
the globe by the impulfe at V, would revolve round 
the axis IH, which by t^e firft motion was round 
the axis PQ*^ Therefore hy both motions toge- 
ther it will move round neither of them. N«w 

E 4 fince 
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;pig. fince a p^nt of the furfacc moving with the gtea^* 
^8. eft velocity about .ST, will tnove along the great 
circle ADB ; and a point having the greatcft* velc^ 
city about IH, moves along the great circle VDE. 
Therefore a point that will have the greateft ydo-^- 
qity, by the compound motion, will alfo be in a 
great circle pafling thro' D. Therefore in the 
great circles DB, DE, take two very fniall lines 
Dr, D^, in the fame ratip as the velocities in AD, 
and VD ; and compleat the parallelogram Dopr. 
Then thro' D and }> draw a great circle KD/L; 
^nd a point having the greateft motion, arifing from 
a compofition pf the other two motions, will move 
along KDph. Therefore finding F, R the poles 
of the circle KDph^ FR will be the new a^is of 
revolution, or the axis fought. And the velocity 
about the axis FR will be proportional to D^ '5 
VBQA being always fuppofed perp. to <jV, or to 
the plane DVC. 

• Note, if you fuppofe an equal force ^plie4 at 
E, in direftion contrary to GV, it will- by that 
means keep the center C of the globe unmoved^^ 
and will likewife generate twice the motion in the: 
globe. 

Cor. I . The greater the force is that is applied t^ 
V, the greater the diftance PF zV, to which the pde 
h removed. And if fever al impulfes be made fticcef 
ftvely at V, when V is in the circle APB, thf pole F 
mil he moved further and further toward^ H, in the 
circle APB. 

For feveral fmall forces or impulfes haye the 
Tame effect as a fingle one equal to them all. 

• * 

Cor. 2. If the forc^ai^ atV, in direStion perp. t$ 

' the plane CPB ; andTDr^ Do be as the velocities along 

DB and DQ. The great circle KDL (paffing thro'' 

D and p) is the path of the point D ; and its pole F^; 

fr axis- of revolution RF ; the pole being tranflate^ 

. • frofik 
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from P to F. And if the impulfe be exceeding fmall^ Fig» 
PF will alfo be exceeding fmalL 29* 

Cor. 3. If the force at P always a£ls in parallel 
dhreSians^ wbilfi the globe turns round. The pole 
will make a revolution in a fmall circle upon the fur" 
face of the globCy in the time of the globus rotation^ 
and the contrary way to the globe* s motion. 

For let a fingle impulfe at P tranflate the pole to 
F ; and afterwards when the globe has made half a 
revolution, and the point P is come to p -, then if a 
new impulfe be made at F, the pole will be tranf- 
lated to^ which is now P ; that is, it will be mov- 
ed back to its firft place on the globe. So that . 
in any two oppofite points of rotation, the place of 
the pole is moved contrary ways, and fo is carried 
back again the fame diftance. And lince the globe 
jrevolves uniformly, if the force aft uniforftily, it 
will move the pole all manner of ways, or in all 
manner of direftions upon its furface ; that is, it 
^ill defcribe a circle, which will end where it be- 
gun. And in defcribing this polar circle, the mo- 
tion will be contrary to the motion of the globe 5 
for fuppofe PFB an immovable plane. If the ^lobe 
Hood ftill, the pole would move in a great circle, 
in the plane PFB. But lince all the points of the 
globe which come fucceffively to the plane, PB, are 
not yet arrived at it, but are fo much further Ihort 
of it, as PF is greater ; 'tis evident all thefe points 
will lie on this fide the plane PB./ And as any 
fixed point will defcribe a circle on the moving 
globe, contrary to the motion of the globe ; fo will 
a point that is not fixed, but moving in the plane 
PFB, likewife defcribe a circle (or fome curve) 
contrary to the motion of the globe. Or Ihorter 
thus, fiipbofe the globe to ftand ftill, arid the di^ 
^•eftion of the force to move backward, then the 
ifelative motion will be the fame as before; and 

theo 
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f^ig* difii the pole F will move i^ckwaid tpG^ as It witt 
9^ follow the force, being at riight aflgl^s td xu 

. Cor. 4. ^«rf^ the ^h by one impidfe is trai^fiated 
UV \ the new pole F is therefore amfjber point ef 
the material globe^ d{(linlifrom P. iJSwf the particle 
J? that was before at reft^ will now revolve about the 
particle '^ at reft. 

For the new pole F i^ that plrtkle of the globe 
which happened to be revolving in F, when the 
(mpulfe was made at P. The matter of the great 
circle ADB does ngt come into the ch-cle KDL, 
but only the point D of it. For when the force is 
ipiprefled, the other particles M, N, by the com- 
pound nxotion^ will be made to revolve in the dk^ 
fedlions Miw, N», parallel to D^; and thefefore 
will defcribe lefler circles about F; whilft only D 
defcribes the great circle KDL. 

Cor. 5- What is demnftrated of affhere is true 
Mb of an oblate fpberoid^ whofe axis is PQj and 
the force impreffed at JP, ailing in direSIion perp. io 
dPB, or paraltet to CD the radius. 

Cor. 6. But if the force at P i^ i^ direHion eon-- 
traty to the fori^oitig {as in cafe of dn oblong fphe^ 
Poid) ;. the pole of rotation will be moved from P to^ 
foMrds A, contrary to the way of the other motioH. \ 

Cfor. 7. yhd in general the pole P will always fe 
mwed in a direShn perpi to thai of the power \ dnd 
towards the fame way as the fpberoid revolves. 

» * 

Cor. t. H^ce after every half ' fotation of thi 
globe round its axis, the places upon the globe cha^^ 
their iatiiude a little \ which j after an entire rotation 
return to the fame quantity. But this variation isfo 
iriftingy as to come under no objervation. 

This is evident, bccaufe the pale is altered y ana 

of 


> 
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of conlcqucnce, the diftance therefrom is altered F]g» 
in all places, except in the great circle FCR. 29* 

PROP. XXXL Prot. 

Let AB he an ohhte Jpberoidj wbofe axis is PC 5 39t 
and let it revolve round that axis^ in the order ADB, 
V)bicb is its' equinoSial\ and if atr^ force aS at P^ 
in direSion PG perp. to FC^and in tie plane P G C, 
which moves Jlowly about y in . the order ADB» T0 
find the motion generated in the fpberoid. 

* Let EL be ^n immovable plane like the eclip- 
tic, in which the center C of the fphcroid always^ 
xemains. ON another plane parallel to it. Erec): 
CM perp. to thele planes; and make the angle 
MCN = the angle B^^C, in which the equinoctial 
B*« cuts the ecUptic CI^ Suppofe the fjpherical 
furface O VN to be drawn, whole pole is M ; and 
produce CP to cut it at R, in the circle ORN* 
Then PCD and RCM are in one plane, and both, 
of them perp. to P^a and P YC. Now to find the 
motion of the axis of the fpheroid. Here OVN i« 
the upper fide of the furface. 

This Prop, differs from the lafl: in fevcraj re- 
foefts. The laft Prop, regards only the motion of 
the pole upon the furface of the globe, and that 
is caufed by a motion which is generated ia the 
globe itfelf. But in this Prop, we confider the mo- 
tion of the axis CR in the fixed fpherical furfaicc 
OVN ; which always proceeds in one direftion, as 
long as the moving rorce keeps its poficionu In 
the laft PnK>« the motion of the globe roomi itft 
inis is performed in a very fhort time ; but here 
the revolution of the force, in the moving plane 
P O C, is a long time in its peciod« 

Now by the latt Prop. Cor. 7. the fofce PQ urill 
fttiways move the axis of rotation CPR in a direc« 

tioa , 
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Fig. tion perp. to PG. Therefore fuppofc the plane 
30. P O C to revolve flowly found PC, and we fiiaH 
find that in the beginning of the motion, when 6 
or F is at ja, then the plane (PeC or) PtasC will 
be perp. to the plane CRM, and at that time the 
motion of R will be direfted from R towards M. 
And when that plane comes to the pofition PF C, 
the motion of R will be direfted to Ibme place be- 
tween N and V. And when it is got to the tropic 
D, then R's motion is diredted along the circunj- 
fercnce RV ; for then P C coincides with CRM^ 
But when P C arrives at/, the motion will be 
direfted from R to fome point / without the crrclc. 
And laftly, when P C is at the other interfeftion 
T, beyond B j the motion of R will be direded to 
m oppofxte to M. The refult of dil which is, that 
the pole R will defcribe fuch a curve as K 1234; 
and then the fame force begins again at "^ i which 
being repeated, another fimilar figure 456 h dfe^^ 
fcribcd by R ; and fo on for more. The lam^ 
' force I fay is repeated, for when the plane P C 
comes on the other fide of the globe, the fbrqc 
' afts the contrary way, and therefore *tis all one a.$. 
if it a£led on the firft fide of the globe. 

Itmuft be obferved, that as R moves thro* 1234, 
me interfeftion £: gradually moves towards E. Anjd 
as to the force PG, , it may be fuppofed vaHable, 
at different pofitions of the plane P0C. And 
according to the quantity of force in the feveral 
places, different curves (1234) will be defbribed. 

Cor. I . Hence it is evident ^ that the inclination of 
the planes ADB and ECL, is greatefi when P0C 
faffes ihro" sa and T . And leaft when it pajfes throl 
the tropic D. And that the inclination decreafes from 
the node ^ to the tropic D, and increafes from tbo^ 
tropic to the node. , 
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For when PeC is in «^, R is fartheft from M ; Fig, 
but when it is in D, R is at 2, and its diredipn 30. 
is parallel to R4, and then 2M is leaft. 

Cor. 2. jifter a revolution of the plane PFoC 
(in which the force always a£h)j the inclination comes 
to the very fame it was at firft. 

For at any two pgints F, /, equidiftant on each ' 
fide from the tropic ; the force is direded contrary 
ways, from and to the circle RV ; and therefore ^ 
the motion, in the curve R1234, being alio equal . 
and contrary, from > and towards RV, they mutu- 
ally deftroy one another ; and therefore after a re- 
volution, or rather half a revolution, the pole R 
is brought back to the circle RV, and tjien the 
angle RCM is the fame it was at firft. 

Cor. ^. She motion of the pole ^^ reckoned in the 
eircle OVN, is always from R towards Y^ thenthro^ 
N, O, and R. 

For tho' the motion of R towards and from M, 
in the line M/», in one revolution, is equal both 
ways; and fo R is always brought to the circle, 
again ; yet the motion confidered along the circle 
is always in the order RVN. Thus it goes thro* 
the curve 123 to 4, fo that after half a revolutioir 
of PoC, it is advanced forward in the circle R V, 
the length R4, 

Cor. 4. The motion along the circle is fometimes 
fafier and fometimes flower. At 2 // moves fajieji 
of all', at R and 4, it moves flowefty or rather is 
ftationary for a moment. 

Cor. 5. The pole R, and the nodes move the con- 
trary way about ^ to what AB revolves. 

Cor. 6. If the force PG Jiands ftill, . the pole R 
will ftill move backwards as before v and that in a 

rigb^ 
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Kg. right linej cr rather ^ a ^eat circle. AniifTG movet 

30. backward tbro* BDFA ; the' pole R wfUftitt go back^ 

ward i but then the curve R24, ^ill be concave to^ 

wards M, like 87R, being' contrary to the other 

ivhere the force moved forward. 

Cor. 7. But in an oblong fpheroidj n^err theforto 
aSs in direSion GP, quite comrary U tbo other y 
R will defcribe the curve ^yif without $bi circk 
ORV ; every particle of it in a conProfy direSion $0 
thefe of R24. And theref<ire the pok Ik, and tii 
nodes T and ^ will move ibefamo way about as Al)S 
revolves J and contrary to what they do in aim obiato^ 
^eroid. 

For the forcie being direfted the cOimcTf way* 
of confequence the motion muft be fo loo« 

Cor. %. And in an oblong Jpheroidj ^ the force GP 
imve the contrary way about -, yet the pole R wi^U 
ftill move forward. And the curve defcrOed by R^ 
wiU have its convexity the contrary wspf. 

Cor. f . Hence if the quantities artd proportions of ' 
Obefe forcesy in different places be known \ it will not 
he difficult to deUneate the curve Ri234> apon the^ 

fyherical furface OVNM. 

* . •• 

PROP. XXXII. Prab. 

1 

J I • 7f a^ planet (or the moon) move in the orbit ATE/, 
round an immovable center C, wbofe plane is inclined 
to the plane of the ecliptic sAQE \ and a force aSU 
upon it in lines perp. to GZ, andp^allelto the ecUp*- 
ticydire£ied always from the plane GZ to either Jide. 
To find the motion of the mdss A, E i and the vmia^ 
tion of the orbifs incUnation PAO* 

Let ATZE be half the orbit raifed abovt the 
ecliptic AQ^ AE $he line of the nodes ; T, f, 

the 
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^ tii^<35. Draw CM perp, to the cclif)tic AQE, Rg* 
and CR pefp. to the orbit ATE. Round M a$ 3^. 
a pofe deicribe a fpherkal fui^face R VNX ; then 
RC will be the axis of the orbit, and MC of the 
ecliptic, or circle AQE. Thro* the points T, C^ 
M, draw the plane RMC ; and thro' A, C, M, 
another plane cutting the circle RNF in X and H ; 
then Rr is perp. XH, and the circle RNX para)* 
lei to GEQ. Note, RNX is the upper fide of the 
forface.' 

Let the planet be at P, and let P2 be the ^cc; 
it defcribes in any finall time, and the line Pi the 
~^ce it would be drawn thro* in the' feme time, by^ 
the force a6ting from the plane MGZ. Compleat the 
parallek^aat Pi 23, and P3 will be its dire(5tioi» 
by the compound force. Now as the line Pi itf 

Earallel to the ecliptic, *tis plain the point 3 will be 
ek>w the plane of the orbit-, and the plane CPz 
will be moved into the pofition CP3, revolving 
about CP ; confequently the axis RC will be mov- 
ed in a direftion perp. to CP. And tfie pole R 
will be moved to fomc point between F and H^ 
This being duly attended to, the motioa of the 
pofe R will be known for all the places of P in 
the orbit GATZ. For about G the motion of R 
is direfted perp. to M» ; at A it n^oves perpl to* 
MX, or in diredlion RM. At T it moves parallel 
to MH, or in the curve RV. Approaching to Z,.. 
it moves perp. from Mn. So that in the paflagsi 
of the planet P, from G to Z, thro* GAPTZ ; 
the pole R of its orbit, moves^ thro* the: curvet- 
Ri 234. But m the other* half of the orbit ZEtG^ 
as the force is. directed the contrary way from the 
plane GZMN, the pole R will return back at 4,, 
and defcribe a fimilar curve 45678. So that when 
the placet. P has m^e one revolution,, the pole of 
its orbit K will be found^ at 8; But in this pofitioa 
of tke nodes^ the point 8 will' be within the fj^e- 

ricalr 
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Fig. rical fur&ce RHNX, not reaching the periphery 
31. RV, For the fevcral jparts ,<» the curve be- 
ing defcribed in all directions in refpeft of the 
line »N ; the points R, 4, will be equidiftant from 
^ »N, and likewife 4, 8, for the fame reafon*. 

Now fuppofe the force and the plane GZN» to 
to revolve about the axis CjM in the order GATE. 
Then after it is come to fuch a pofition, that the 
afcending node A is ^ far on the other fide of G, 
fuppofe at a \ then the pole R will be as far on the 
other fide of V, fuppofe at r j and being alfb as far 
from N/r, on the fame fide; the curves (12468) 
will approach VH there, by the fame degrees as 
they receded from it at RV. And therefore the 
pole R will by degrees be brought to the circle 
again. Thus in every two correfpondent points on 
each fide V, the forces and their effeds balance 
one another, and R will be at the fame diftance 
from the circle RVH. And therefore after half a 
revolution of the plane GZ to the nodes, : the angle 
RCM, and confcquently the inclination of the or- 
bit, comes to the fame as at firft. And likewife as 
the pole R moves forward or backward in the 
circle RVH -, the motion of the npdes A, E, will 
be forward or backward. 

Cor. I. In this pofition of the nodes at A and E, 
the inclination of the orbit ATE will be diminijhed 
every revolution of P; But on the oppojite fide at a^ 
the inclination increafes every revolution of \f. 

For the points 4, 8, come nearer and nearer to 
M, and the contrary at r. 

Cor 2. When the nodes are at h^ E ; the inclina- 
tion decreafes ; when the planet is in GT or Zt ; and 
increafes in TZ and /G. 

For R moves to 3, whilft P moves thro* GT# 
At 3 it is at its nearcft diftance to M j from ^ to 

4R 
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4R recedes from M, whilft P moves thro* TE. Fig. 
And the like on the other half of the orbiti 31* 

Cor. 3 . PFhen the planet is in G A and ZE, lh€ 
n^dej go fovwarL But •in AZ (mi EG, thy go 
backward. 

For whilft R pafles thro* Ri, its motion is for- 
tvard, viz. from R toward », and at i where \t 
moves ' parallel to RM, it. is ftationary-, that is, 
when P is in A. . Thro* 1234, R moves backward, 
or towards Vj and then P is in AZ. 

Cor. 4. tn general^ the nodes an always regrejfive^ 
except ^ben P is between a rrodey and its neareft qua- 
drature \ and then ibey are progrejpvey wherever the 
nodes are Jituated. 

Cor. 5. The nodes go fafteji back when the planet 
is in T and /. . 

For then R is at 3 and 7. . 

Cor. 6. The inclination varies mojt^ when P is at 
A and E. 

For then R i$ at i and 5. 

Cor. 7. And from the various fituation of the 
nodesy and the place of P, // may eajily be datermined^ 
when the inclination incr cafes or decreafes^ in any cafe. 

Cor. 8. Hence if the quantities of thefe forces wete 
known^ it would not be difficult to delineate the motion 
of the pole R, upon the fpberical fur face RXFH ; 
and at any tinfe to find the inclination^ and place of 
the node. 

, Cor. 9. And to find the nature of the curve R 1 2 34 
defcribed by the pole R. Suppofing the force directed 
always to the fun \ and to be as the diftance of P 
from the plane GZ. . ^ 1 

Let RDB be the curve, and let the tangent tI>T 32. 
revolve about the curve RDB, beginning at R, fo 

F u 
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Fig^ai the end T ntay more tmifotmiy thtx>* all the 

^. points of the compai3> in the hroc manner as P 
moves thro* its orbit ATZE/. It is plain this is 
one property of the curve RDT. 

Now fince the ' fun^s rays fall at the fame obli- 
quity upon all parts of the plane ATQ, therefore 
the force to draw P in a direftion parallel to thefe 
rays, being the feme at equal difcinces from the 
plane GZ, and a.lways as the diftance ^ therefore by 
the refoiution of motion, the diftance that P is 
drawn perpendicularly from the plane of its orbit, 
will alio be as that diftance ; and that is as the va- 
riation of the orbit's iaclinaidon. Therefore if P, 
inftead of moving to 2 move to 3, then the force 
at P or PB (fig: ^ I .) will be as the angle zP3 : fuppof* 

23* ^^g ^^^ fun's ' diftanee from the nodcl to remain the 
fame, during one revolution of P. 

But when the fun or the force alters its pofition^ 

34, it will be greater or lefs on that account, m pro- 
portion to the fine of OL (where OL is perp. to 
AL), and that is as the fihe of AO, the diftance 
from the node, the angle A being given. From 
hence it follows that univerfally, the force adking 
on P will be always as BP X S. AO ; that is, as 
S.GP X S.AO (fig. 31.) > that is, as the fine of 
the diftance of P from the quadratures, and * th^ 
fine of the diftance of the fun at O from the node. 
Now let us find the nature of the curve R1234, 

22. fiippofing AO to remain the fame for one revolu- 
tion of r. Put RA = x^ AD =: yj RD =: z. 
Since by the generation of the curve, the angle 
AD/ = arch GP, and the force is as the fine of 

X 

GP or of AD/, and -^^ =: S.AD/. Alfo it is plain, 
the increment of the curve at D is as that force j 

X 

therefore -^ is a3 z. And fince in pafllng thro* the 
J ■ . parti' 
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|ijtrtick of the curve z, tlie tine D/ is fuppofed to Fig. 
change its direftion uniformly, therefore the angle ^z^ 


of contad is given ; whence zor ^ is as the ra(£[^ 


u* <» curvature, 6r as -^-j that is, z^^^'ti or 
d^x zz Z^y (z being given), and the fluent ii 

0X* 

~ =: JCB*^ and i : i ; : y/y : \/la : : as the fub- 

tangent : to' the tangent ; which is the property of 
the cycloid, 4^ being zz CB, the diameter of thd 
generating circle. 

Now at different diftancfcs of O from the node, 
the cycloid defcfibed will be greater in proportion 
to ttit fine of AO (fig. 31.); and even in the fam(i 
cycBoid, the latter part will be greater than th4 
foj?mer part, as AO grows . greater ; all the parti 
of it increafing as "the fine of AO increafes ; and 
the greatcfl: cycloid will be when A is in the qua- 
dratures ; and the leaft when in the fyziges, where 
it is reduced to nothing. 

SCHOLItJM* 

Fmm the foregoing folution, thefe obfervadons 
may be made. 

I. Tho* the curve R24 has' been determined to 
be a cycloid, yet it is nearer an epicycloid. For 
at R it fets off. nearly in a diredion perp. to GZ, 
and during its generation (that is, whilft P per- 
forms a femirevolution) the point A moves to- 
wards G ; and fiq)ppfing the torce at O to be fix- 
edy the laft particle of the curve at 4 would be 
parallel to that at R* But as O really moves for- 
ward^ fomc number of degrees, fuppofe 14, anrf 
continues to do fo, all the femirevolution ; there- 
fbrd every partifck of the curve will haVe other di* 
ve&ions in its fkfcription, being niore curve than 

F a before^ 
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Fi^. before; and at lail the tangents at R and 4, will 
32. make an angle of 14 deg. which is the fame as if 
an epicycloid was defcribcd on the convex fide of 
a circle, going thro' an arch of it equal to 14 de- 
grees. . ^ ' 

2. Thus the curve defcribed by R Would b« 
nearly an epicycloid, when the force at O is every 
where of the fame quantity ; yet as O moves about, 
the force will increafe and decreaie in proportion to 
die fine of AO ; therefore, if you will fuppofe 
fuch an epicycloid defcribed as above-mentioned, 
and moreover imagine the radius of the generating 
circle to iwell or increafe, in the fame ratio as the 
S.AO increafes ; then fuch an epicycloid will near- 
ly reprefent the auve defcribed by R. For then 
every part of it will be greater or lels, in propor- 
tion to the force that generates it. But enough of 
this. All that I fiiall add on this head is the iblu- 
tion of the two following problems, upon account 
of their curiofity, as depending on the foregoing 
principles. 

P R O F^ XXXIIL Prok. 

Ito find the difturbing force $f Jupiter or Saturn^ 
upon the earth in its orbit ; having that of the fun 
upon the moon given. 

26. Let the matter in the fiiq and Jupiter be as «» to 
I . £, I, L the periodic times ot the earth, Ju- 
piter and the moon. A, B, the diftances of the 
earth and Jupiter from the fun. D the moon's dis- 
tance from the earth. C, c^ the centripetal forces 
of the fun and Jupiter. ^ . ■ 

Then (by Prop. XXVIL) the difturbing force of 

3PK FT 

S upon P, is *Q^C or as gY^* Therefore if S be 

the fun, and P the moon, the difturbing force 

is 


^ 


N/» 


s. 
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D ' Fie* 

is ;^C 5 but if S be Jupiten, P the earth, T the ^^^ 

A 

fun ; then the fprce is -g c. That is, the fun*s dif- 

turbing force upon the moon, is t:o Jupiter's dif- 

' • D A' 

turbing force upon the earth; asxC to -gr*, or as 


m 


DBG to AV. But (Cor. 2. VII.) C = ^> and 

I . 

c zz ^" Therefore the fun's force upon the moon,* 

T • , u u ^^^ AA 

is to J upiters upon the earth ; as -xr^ to ^^^ or 

as DB'w to A*; that \s (Prop. XVII.), as DVm ; 
AE*. That is, the fun's difturbing force upon the 
moon, is to Jupiter's difturbing force upon the 
earth s as D x II X i», to A X EE^ But that of 
the moon is known, and confequently that of Ju- 
piter. And if for I and w, we put Saturn's peri- 
odic time, and quantity of matter ; Saturn's dif- 
turbing force will be known. , 

Cor. I . ^he angular errors generated in the motm 
fy^ the funj are to the errors generated in the earth 
by Jupiter in the fame time^ : i as II L X », to E'. 

For (Prop. ^XXVIII. Cor. 2.) thefe errors are as 

the forces and periodic times, divided by the dil^ 

tances. Therefore the fun's efFeft to Jupiter'?, is as 

DxlIX;»xL AxE'xE ^ 
g to -^ — ^ •, or as IILw to E'* 

Cor. 2. Hence the error generated in the mo$n by 
the fun, is to the error generated in the earth by Ju^ 
fiter^ as 112^0 to i, and to that generated by &-* 
turn, as 196076 to 1. 

For put I ~ 4332 4^ days, L n 27*^, m ~. ^067^ 

^ ■ PLw 

% zz 365^; thpn -^ zz 1 1230, And putting; 

F 3 l:^ 
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Fig. I s= w>759-J> *nd » =3 3011, for Saturn; Acn 

-^ =: 196076. 

Cor. 3. y*/ force of Saturn U the f^ce of Jupih 
^ to dijiurh the earthy is as i to ij i. ^ 

Cor. 4. The motion of the nodes of the eartFs or^ 
tit by Jupiter's aStion^ in loo yearsy is id 2o" 4-. And 
kf Saturn% 35'' t- ' 

For the motion of the moon's nodes in a ytear is 
1 50 20' sz\ or 69632"; this divided by 1125Q 
gives 6". 2005, multiplied by 100, is 620^05, which 
increafed in the ratio of the cofine of inclination of 
Jupiter's orbit (j^ 19' 10"), to that of the mopn'$ 
(5« 8' 4^), produces id zi^'i. Which diminiflied ir^ 
diie ratio of i to 17 4:j gives 3^'^ for Saturn. 

Cor. 5< ^he motion of tie earth* s aphelion iy the 
aflion of Jupiter j is 21 44 ' in 1 00 yearsy in confe-^ 
quentia. And by Saturn-, i' 14" 4-* 

For the motion of the moon^s apogee is 40«» 40' 
43", or J. 46443" in a year. This divided by 11230 
gives 13.04''; which multiplied by lOO, givesi 
1304" or 21' 44''^ And divided by 17 4^ gives 74'' 4r* 

PRO P; XXXiV. Prob. 

35* X^ find the variation of inclination of the eartVs 
orbit ^ by the aSiion of Jupiter in 1 00 years ; and the 
like for Saturn. 

Let 'y' 69 «a V be the ecliptic, or plane of .the 
earth's orbit ; GFH the orbit of Jupiter \ G Jupin 
ter^s afcending node j E, I, Q, the poles of the 
ecliptic, Jupiter's orbit, and the equator, refpec-* 
tiveiy ; ECK a circle parallel to GF ; and Di»Q^^ 
circle parallel to the ecliptic. The pole Q^ here 
moves regiilarly along th? circle Q/D, by the pre^ 

^effioft 
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ceffiofi of the eqwiibxesi wbkh drcl? ts no w^ F^^ 
aSe&edor altered by Jupiter's a&ioDi bccaufe |u- 35. 
pifXT cannot be fijq^Kxfed to hare any force to move 
the equinodial points, or alter their regular motion. 
Bm he has a power of acting vtpon the whole bodf 
of the earth* and ^£erin^ its orbit, and eonfequenf « 
hr the pole E or the eoliptic ^ which pole is thercr 
fore made to move along the circle ECKl There- 
fore we muft fuppofe the orbit of Jupittr fi^ced, and 
confequently the pole I, and circle JECK. And 
|iow we &ave to compute the moti^n^of £ along 
the circle ECK. 
The preceffion of the equinoxes in 

100 years is — •' - — . i** 23' 20" 

And (by the laftprob.) rfic mot;ion of 

Jupiter's nodes in 100 years is 16' jLi^orSii'^i 
Jupiter's ^cending node G (1755, 

angle QEG) — — ^9 8' 20' 

Inclination of Jupiter's orbit — i° 19' 10 v 
Therefore make the angle QE^ = 1° 23' 4-* ^4 
EIC = 10' 22 4^. Upon Ea let fall the peqp. C^ j 
then Eo is the decreafe of EQ or E4, which 
(Prop. XXXII.) is the fame as the decreafe of the 
inclination of the planes of the ecliptic and equi<^ 
noftial. 

In the triangle EIC, by reafcm of the very fmall 
angle EIC, we fhall have as rad : S.IC (!*» 19' lo^ 

EIC X S,IC 

: : angle EIC (622"^) : EC zz —^ =; 

1 4 '.3. To the angle GEQ (8^ 20'), add QEa (i* 
*3' t)> then tfEG or <?EC = 9^ 43' 4. Then in the 
very fmall right lined triangle EG^, rad : EC : i 

^ _ _ ECXcof.(?EC 
cof. cEC ir 43' t) • E. = -"-Tad ' ^ ^^''-^-^ 

^ ^ EICxS:ICxcof.£?EC , , ^ ^ 
Or E^ =: : — --jT' -> the decreafe of 

in(!lin8tion of the equinoftial in 1 00 years by the 

F 4 adioa 
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Fig* a^on of Jupiter. An4 this decreafe will amouat 

35. to a minute in 425 years. 

If the fame comjMitation was applied to Satunii, 
putting EIC = 35" ^ IC zz 2«» 30' 10'; ^EC =: 
(21** 21' 36'' + I* 23' x^ 22« 44' 56'' '9 the decreafe 
by Saturn will be 1^44.* Therrfoft the decreafe 
by both will be 15''. 54 ; which will be a miAViteift 
386 years. 

Cor. 1 . The inclination will decreafe Hlf E and a 
he at their near eft diftance in the two circks^ which 
will he above 6000 years ; and then it will incrMfe 
again. It has likewife heen decreaftng for ahove tooa 
years. 

For the dianieters of the circles EK and DQ, 
being about as i to 1 7. And the angle lEQ being 
81® 40', and tfte difference of the niotions of E 
and Q being i*» 13'; it will decreafe nearly as mar 
riy centuries as is the quotient of 8 1 ® 40' divided 
by i*» 1 3V which is Sy. Alfo the fupplcment 98* 20' 
divided by i ^ 1 3', gives 8 1 centuries, it has been 
decreafing. 

Cor. 2. But the increafe or deereafe for every ceth 
twry \s not i5''.54, as determined in tins particular Jt- 
tuation. For as it approaches to its maximum or mini^ 
mumy it varies veryjlow.^ and at tbefe places is at a 
^and for a lort^ time. 

Cor. 3. I'he inclination can never h^ lefs tlfan 20* 
50' 54" ; nor greater than 26** 7' 20". 

For the neareft and greateft diftances of the tvQ 
circles EK, DQ^amount but to thefe. And there 
muft be many revolutions, before they can light 
upon thefe two points, if the world can be fup- 
pofed to exift fo long. 

S c H o L I a M. 
Tht difturbingforces of Jupiter and Saturn here 
piade ufe of are derived frort that of the ffn up- 
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on the moon ; hiut thefc forces are really more than Rg. 
are here determined. For in calculating the dif- 35* 
turbing force of the fun (by Prop. XXVIL), the 
forces upon T and^ are as rr to rr + 2fy +jyi 
but by reafon of the great diftance of the fun, the 
part yy is left out, as being extremely fmall. But 
in the cafe of Jupiter and Saturn it is otherwife^ 
and therefore yy muft be taken in. Whence the 
difturbifig force muft have an additional increafe, 
which is as 2ry to yy^ or as ar to^, which in Jupi- 
ter is as 10 to I, and in Saturn as 19 to i. There- 
fore Jupiter's difturbing force muft be increafed by 
^V^h, and Saturn's by -f!5.th j which, being done» 
their effedts will be proportional, and* the decreafe 
of inclination of the ecliptic in 1 00 years, by Ju- 
piter and Saturn will become I5".45, and i".5i 5 
and by both 16". 9 6 or 17'' nearly; which wiXL 
mount to a minute in ^5;} years. 

But if the obfervations of the antients can be 
de|)ended on, the obliquity decreafes fafter than this. 
For by the obfervations of Ariftarcbus^ Eratoftbenes^ 
HyparcbuSj Ptolemy^ and Tbeon, the obliquity was 
found to be 23* 51^^. And none of them lived 
300 years before Chrift, and two of them after. 
So that in little more than 2000 years, there is a 
difference of 22'; which is more than a minute in 
100 years, and is more than three times as faft as 
we have here determined it. 

I (hall now proceed to fome things of another 
kind, relating to centripetal forces •, which as far 
as I can find, have not been meddled with by any 
body before. 

PROP. XXXV. Proh. 

If the circle GDFE he moved along the right line ^5^ 
AB, wbilft it turns round its a^is ; to find its motiofi 
upon a horizontal plane. 

Suppofe the circle inlined in any given angle to 
?he horizon, the line of direftion AB being at firft 

in 
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fig. mm {4ane; aadkt it move rouftd its iad$ CP» 
^. which is perpendicular to its plane, with M7 velo- 
city. Let O be the center ot ofcillation. 

Now the circle will endeavour to. defcend bjr its 
gravity, Iq the fame mamier, as the fingle point O 
would do^ Therefore iuppok the point F to de- 
fcend thro' F/ in a moment bf time^ and that F 
is transferred to I in the fame time. Then if the 
parallelogram Ffnl be compleated, the point F 
by the compound motion, will move along Fir. 
By this means CP, the axis of revolution, will be 
transferred to the poiition C^, inclining more to- 
wards B. But when the circle has made half a 
revolution, and G is come to the place F; the 
, ' points in F, proceeding in the traft F», will move 
ijie axis C; forwards, as before ; that is (by the 
turning of the circle) it will throw it into its former 
place CP. So that during a revolution, the axis is 
thrown contrary ways in all the oppofite points, 
and fo is always reftored back to its fir^ place in 
regard to the plane. ^ Therefore the circle always 
revolves about the axis CP, whilft CP continually 
inclines more and more forward ; that is, the plane 
q( the circle continually alters its pofition ; and 
^ the variation of its pofition is known from, the lines 
FI, nl •, and is equal to the angle »FI or PCj» 
And fince the circle endeavours to move ajiong a 
line which is in the plane »FG, it will no longer 
go along AB, but deviate from it into a new traft, 
• which is now to be found. 

It may be convenient to imagine the circle to 
be a poligon with an infinite number of fides. 
Then let KL be the horizon, M^ the plane of the 
the circle, g being a point in the right line AB ; 
let the next point of the circle (or ancle of the po- 
Jigon) defcend to the horizon, thro' the very finall 
fpace r/-, then in the right angled triangle irgj S . 
inclination (t^r) : ir or nl (which is as S • nFl) : ; 


\ 

I 

r 




• 1 

s 


N 
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nd{i):tgzz g^ • * Thereforie if the circle be ^ 
moved thro' Gg in the fame tiixic, then £ratmf (in 

the Une AB) fetting <^gt = s.incU«atW ^^ ' 

inB be a point in the curve G/R, thro' whick l&e 
drcle will pafs. After the faoic manner it wifl 
^gain deviate from the 1^ direftion tjif ; and de- 
fcribe the curve GRVWX. 

Generally the whirling motion round its axis, U 
equal to its progreflive motion ; for the friftion of 
the plane foon reduces it to that. But take away 
the iri&ion, and thefe two difierent motions may 
be what you will. 

Cor. I . The curvature in atrf place^ is redprocdUf 
ss tbefe three quantities^ the velocity of rotation^ tb^ 
frogreffive velocity j and the tangent of inclination^ 

For the curvature is aa the angle tGg^ that is, a^ 
tg S.nFl 

Q^ ^^ ^ G^X ^.inclination^ ^'^^^ ^' ^ 
»I . CoC iftcL 

PI X G^ X S.inclin. • ^^^^^^ ^^ FlxGg X S.incfin: 

or as tfi ' >;;- ' ^^„^ r— For nl is as the co^ 

iaiXijg X tan. inclin. 

fine of inclination, being the (pace defcribed upon 
the inclined plane nl. 

Cor. %. Taking away all impediments^ the circle aU 
V>ays keeps the fame inclination to the horizon. 

For the pofition of the plane F»I is fuch, that 
the axes CP, Cy, are both parallel to it. If we 
fuppofc gravity to aft by a fingle impulfe at O, 
then F will move to », and P to q. And the planife 
of the circle endeavouring to defccnd a little at D, 
lUKi rife at E ; a new point of the circle as /, ly- . 
ing beyond G will inftantly touch the plane ; by 
which means it leaves the line AG. And fince at 

every 


J 

\ 


\ 
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Fig: every point of conta£t as G, tfce pole P moves (at 
36. each ifnpulfe of gravity) in a line perp. to CG, 
and alfo parallel to the tangent arch at G ; and the 
like at every new point of contaft ; it is plain CP 
is always siikc inclined to the horizon. Confe- 
quently, when gravity is continual, the circle 
coming continually to new points of contaft^ the 
' axis CP will always 'revolve round at the fame in- 
clination, and therefore the plane of the circle will 
alfo have the fame inclination to the horizon. 

This might alfo be proved after the manner of 
the XXXth Prop, not confidering the progreffive 
motion of the circle^ 

All this is fuppofing there is no refinance, fric- 
tion, or other irregularity* But fince in faft, the 
refiflance of the air continually leflehs its motion, 
and the fmoothnefs of the plane it runs on, Caufes 
the foot or bottom of the circle to Aide outward, 
which continually lefiens the inclination, and brings 
the axis more upright ; and the more oblique the 
plane of the circle is, the fafter it Aides out. Up- 
on thefe accounts it can never defcribe a circle, 
T>ut only a fort of fpiral line ; and the plane of the 
circle defcending lower and lower, at laft falls flat 
«pon the horizon. 

Cor. 3. Hence a circle moving without any rejlf-. 
taHcej i^c. upon a horizontal filane \ will defcrihe a 
circle ufon that plane. 

For the velocity ^nd inclination continuing the 
fame ; the curvature of the trad defcribed, will be 
every where alike. 

Cor. 4. And to find the diameter of the circle or 
crbit defcribed. 

Let / be a very fmall part of time wherein Gg is 

defcribed, v the velocity of proje^ion per fecond, 

b the fpace defcend^d by gravity in time /, s and f 

! the fine and cofine of th^ circles inclination, / =5 

' 16 


/ 

I 


Sca.IIL CENTRIPETAL FORCES/^ 77 

1 6 tV feet 5 then will cb = fpacc dcfcendcd along Fig. 
the inclined plane F/; and by the laws of motion, 36. 

1" : V : : /' : Gg = /v. * 

and // : i& : : i" : / = — • 

Then wbilft O has mov^d thro* the length Gg^ /or 
I has dcfcended thro* the fpace. cb on an inclined 

plane parallel to Ff. But we proved gt zz ~ zz 

tr cb 

~ = — • And therefore the diameter of the orbit 

s s - c 

Gjp Gf* X s ttws ws w 
zz --S- = . ^ i ''■ = — T" =--?• = TX tan. in- 

clination. 

Cor. 5. yf^ /tf ^i /Atf periodic timCj or tim^of 
$ne revolution. 

Let D = diameter of the orbit, then by Cor. 

R?* V J ^bH 

h&,^^ = D,andGszz^-p' The cir- 

gr X Gf* X J 

cunrference of the orbit is — ^ — ^ (putting ^ 

zz 3.1416^5 and by uniform motion, Gg : /: : 

w X GgXs -^ts X Gg \ ^ IT// 
-i : jj^ the periodic tme = -;j 

cbD UsD SD 

Or tbus^ ' 

Gg (tv) : / : : circumference -y^ : periodic time' 

rz , -^ — T X tan. inclination. 


PROP. 
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Fig. 

t^ROP- XXXYL Pfyk 

Tj. If I^EF ht tie fur fact of* a rigbi cM0y wbofe 
a%is A£ is perpendiefdaf to tie horizon, mi DHFG 
a circular plane parallel to the horizon \ and if a cir^ 
cte ah reDohes round in the peripBery DWOPG, iWfX5 
tfs axis tfSi ahvafs paraSel to the Jide of the' ana 
DEI, ^ere it then is. To find the periodic time of 
aij in the circle DHFG. 

Dr^^w DBA perp. to DE, and BC perp. to AC* 
Let IF i= 3-1416, h ^ fpace defcencfcd by grarity 
in the time t. . 

TTieir if the force of gfaviiy be rtprdfentei by 

. AC^ the centrifugal force at B to keep the circle 

ab in that pofiticm, thro* its whole revolutiorr, wifl 

ht denoted, bjr BG. Thea^ it ^U be AC (the gra- 

BC 

vitf ) : BC (the cent, force) :ibi -^ i r: Ipacd 

defcended tciwapds C, by the force in difdftion 

BC r: the efie^Et df the centrifugal force. 1Fhe»^ 

fore by (Prop, fi.) the periodic time v^ vt y/ 

2BC ^2AC 

•577- — ^ w/4/— 5 — • 


Cor. I . Hence the periodic time zz trt 


J 





X tan. inclination ABC 


b 

SB SB 

ForS.A:S.B: :BG:AC = g^XBC —~(^ 

X BC = tan. B X BC ; whence, the periodic time 


ABC ^ ^^ 

zz^t^ — , - X tan. ABC. 


b 
Cor. 2. Draw Bl parallel to DE, and DL pa^ 

rallel i^ BC ; then the periodic time = — .pj > \ 
For AC = ^^^-. . ^^^ 
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Cor. J. Htfu^ the eurve defcriied on the cmk fw" P^. 
fac9y is the fame as. thai deferibid tm a bortzontal -^f. 
planij as explained in the U^ ^f"^^ AU the difference 
isy that the eenic furfdce binders the eirch a^ from 
JUding outward^ which the horizontal flkne cann&t i6 ; 
&icept it hefufpofed to befo rmgbj that the circle ca/r- 
not flide on it. 

For in Cor. 4. of the laft Prc^. v is pw foi* the 3^* 

velocity of G along AB-, b«€ puttiag it fbf the 

^ociiy at C, you'M have the diameter of the orbit 

pafiing thro' C : that is, (%. 37.) inftead df 2DL 

we ihould find 2BC for the diameter D of the orbit« 37* 

' '* ■ sD ' 

And by Cor. 5, the periodic time is «• ts/-^. And 

in Cor. i. of this Prop, the periodic time is' w:/ 


J 


1 RC 
T~ X tan. inclination •, which is equal (50 the 


former, becaufc D = 2BC> and — =: tan. of the 
inclination. So the curve is the lame in both cafes. , 

PROP. XXXVH. Prfib. 

J'o explain the motion of a topy orfucb like 'U^birl" 381 
ingbody. 

Let ABC be a top whiriing about in the of($e^ 
A£C •, FiXJ a circle defcribcd by any point ly-in 
the furface, K its center of gravity, BKS tlie txii 
of the top. 

Jf the top be upright upon the foot B'; that is, 
if BS be perp. to the horizon, and moves fwiftly 
about; it will continue upright till the rliodon 
flacken. But when it is going to fall, it wiH lean 
to one fide ; therefore fuppofe D to be the fowel^ 
point in the circle FG ; then the top endeavoiits Ijy 
Its gravity to defccnd towards D: Let the force of 
gravity alone move the point Dthro' the fpace D^, 
m a very fmall time ; during which, the rotary 
* . * ' motion 
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fig. motion would cany the point D to r. Compleat 
j8. the parallelogram Drpa^ and the point D will be 
carried thro' Dp ; that i$,vthe circle FDG will cope 
into the pofition Dp ; and therefore the axis BKS 
(perp, to the circle FG) will be moved in a direct- 
don towards H, perp. to DK ; and the point S 
moved to n ; the particle Sn being parallel to Dp. 
After the fame manned by a new impulfe of gravi- 
ty, at p, the loweft point; the circk FDG, will be 
moved into a new pofition, below Dp, and the 
point S carried from » to /. . And fo by every im-^ 
pulfe of gravity, the point S will be moved gra- 
dually forward, thro* the circle Snfqlz ; and thus 
the top recovers itfelf from falling ; the mdtioil of 
S being always parallel- to that of D. And there-- 
fore the motion of the axis BS will be the fame 
way about, as the top's motion is. And thus the 
point S will continue to make feveral revolutions 
by a flow motion, whilft the top makes its revolu* 
tions about its axis, by a fwift motion. 

Cor. I. This motion of the top and its axis, is ft- 
milar to the motion of an oblong fpberoid, and its 
nodes. 

For CCor. 6. Prop. XXX. )^ the nodes move the 
lame way about as the body revolves, and fo does 
the axis of the top ; and therefore this motion may 
be called the motion of the nodes of the top. 

Cor. 1. JVben the tops motion is very fwift ^ ihe 
iircle Sql is i)ery fmall ; and as it grows flowery that 
circle will grew bigger and bigger y till the top falls. 

For when the top's motion is very fwift, Dr will 
be greater, and the angle rDp lefs ; and the circle 
' Dp will deviate lefs from DG. And gravity hav- 
ing little power to difturb its motion, the circle Sj/ 
will be extremely fmall, and the top will revolve 
about the axis in appearance unmoved. But as the 

top*s 



Y\?^'t^^^ 
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top's motion by refiftancc and friftion grows lefs Fig, 
and lels, Dr will be Icfs 5 and the circle Dp will de- gg, 
viate more from DG ; that is, gravity will have 
more and more power to diiturb its motion ; and the 
axis BS will defcribe a greater and greater circle 
with the point S, or rather a ipiral, till at lad the 
top falls down. 

Cor. 3. yfo the top grows fiow^ and the motion 35 • 
weaky and the pole S defcribes greater and greater cir- 
cles^ the foot B is thrown out to the oppofitejide^ de- 
fcrihing a circle B^, which is greater as Sjl is greater ; 
and goes the fame way about. 

For the center of gravity K always endeavours 
to be at reft, whilft the body revolves about. 
Therefore when the top grows weak, and the pole^ 
S defcribes greater circles, the foot B is thrown fur- 
ther out to the oppolite fide ; and being always op- 
pofite, will defcribe a circle proportional to Sql'^ 
the foot B ^oing the fame way about as S does. 
And thefe circles B^ will continually ^ow greater 
and greater till the top falls down. Till then the 
top rolls about and about from the pofition CAB 
to the oppofite pofition cab^ till the motion end, 
and the top falls down. And thefe are the princi- 
pal phcenomeoa of the motion gf a top. 
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ERRATA. 

Lififi read 

(Preface) irregularities onhr 
PjaC and Pre. 
|, R recedes from M^ 
Its asfis I B2 
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In the Plates. 

Fig. 5* M flioald be fli^d. 
ff%. a). Psr iboiild be perp, fb F/t 
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